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FIVE-MASTED SHIP LA FRANCE—THE 
Laneuet SAILING VESSEL AFLOAT 


A QuARTER of a century ago, at the epoch in which 
thy opentog of the Suez Canal foreshadowed import 
ant wodifleations in the conditions of carriage by sea, 
there was a general agreement in the prediction that 
sailing Vessels were to disappear and give way, upon 
all lines, to steamships. The reign of vessels of small 
tonnage was, in fact, finished, and at this time it was 
impossible to think of constructing wooden sailing ves 
sels having a sufficient capacity (seeing the competi 
tion of laryve steamers) to permit of making rewuanera 
tive voyages of long distances But people were de 
ceived. It was supposed at thisepoch that the science 
of building sailing vessela would remain stationary, 
just as if all sciences ought not to make progress to 
The sequel has shown the error of such a sup 
for a few years ago we had an opportunity of 
Three Brothers, 








ti 


TH 


gether. 
position, 
admiring at Havre the three-master 
whie bh earried the American flag and gauged no less 
than 2.086 tons. This vessel was of wood, and it must 
be confessed that it was difficult to reach a perceptibly 
greater tonnage with that material 

But what was almost impossible with wood, which 
does not permit of allying force of resistance with 
lightness (two essential elements with great tonnages 
has become relatively easy with the immense progress 
made in the use of steel in the coustraction of ships 
We had a proof of this in the launching of the four 
masted bark the Nord, which was built upon the 
Clyde, and gauged 5,150 tons, and especially in the five 
masted bark the France, which we herewith illustrate, 
and which is capable of carrying 6.160 tons 

This magnificent vessel was built upon the Clyde for 
the shipping house of A. D. Bordes & Son, of Paris 
Its total length is 376 feet, ite extreme breadth 50 
and its depth from the upper deck to the bottom of the 
hull is 34 feet The masts and yards, like the hull, are 
of steel. The mizzenmast, which is in a single piece, 
is 141 feet in oy —nearly twice the height of a five 
story house. The four square-rigged wasts are 195 feet 
in height. The distance between each mast is 69 feet 

The France has just left Havre, where she was 
Frenchified; and in this port, where beautiful naval con 
structions can be appreciated, she was much admired 
We are now impatiently waiting to see how she will 
effect her first voyage under sail, for she was towed to 
Havre, and will be towed to Cardiff in order to take a 
load of coal on board. The France is, moreover, com 
manded by a sailor who has made his mark—Captain 
Voisin, who commanded the Cape Horn, a large sailing 
vessel of four masts belonging to the same house. 
L' iliustration 


feet 


THE RIVER SPANS OF THE CINCINNATI AND 


COVINGTON ELEVATED RAILWAY, TRANS 
FER AND BRIDGE COMPANY 
By Wiiutam H. Burr, M, Am. Soe. C. E 


THE structure which forms the subject of this paper 
crosses the Ohio River at Cineinnati, Ohio, and with 
its approeches forms a part of the Chesapeake and 
Ohio Railroad system. It acquires its interest as a 
viece of engineering chiefly from the magnitude of the 
individual spans of which it is composed, There were 
no special engineering difficulties to be overcome either 
in the substructure or superstructure, but the central 
span of the three, 550 feet long between centers of 
yiers, and S4 feet deep between centers of chords, 
ft the greatest simple non-continuous ‘truss span 
yet constructed. The two spans which flank the cen 
ter or main channel span are 490 feet each between 
pier centers, with center depths of 75 feet; and the fact 
that all the spans carry a double track railway, with 
two roadways and two sidewalks, renders them also 
the heaviest non-continuous trusses which have yet 
been built either in this country or in Europe. The 
detail drawings accompanying this paper show all the 
main features of the trusses and floor systems and 
their connections which are of any special interest. As 
they indicate, all the main parts of the trusses are of 
steel, while the lateral and transverse systems of brac 
ing and the floor beams and stringers are of wrought 
iron 

With the exception of the connection between the 
floor beams and posts, and the web system, there will 
be found few features not ordinarily included in the 
best American practice for heavy spans. All connee 
tions are central, and so designed as{to eliminate essen 
tially all secondary stresses. The system of web mem 
bers used, and which has been developed by the 
Phenix Bridge Company for its long spans, is seen to 
be single, and it is of interest in passing to note that if 
a single system of bracing may be used for trusses of 
the dimensions and weight of these under considera 
tion, there would seem to be no case where it may not 
be advantageously employed. There is thus avoided 
all the ambiguity and secondary stresses which are in- 
evitable to a greater or less degree when any multiple 
system of web members is used. 

The boring of individual truss members was done 
with such lengths as would eliminate all secondary 
stresses whatever at a condition of loading intermedi 
ate between no moving load and a fall moving load 
As the latter condition of loading will very rarely oc 
eur, these normal lengths will reduce the secondary 
stresses to an absolute minimum; in fact, will reduce 
them to such small magnitude as to leave them with 
no importance whatever. The connection between the 
floor beams and posts, which is made by means of close 
fitting turned bolts in holes drilled with those mem 
bers assembled, is of such a character as to secure al! 
the advantages of a rigid connection, and at the same 
time eliminate all tension upon the connecting bolts, 
leaving them to transfer shear only; at the same time 
the weights of both railway and highway floor systems 
are transferred centrally, so as to bring an equal dis 
tribution of weights upon all of the web members in 
tersecting at any lower chord panel point. Under the 
requirements of the specifications all rivet holes in the 
plates and angles forming the upper chordsand end 
posts, and vearly ali intermediate posts, were made 
with multiple drills of six drills in a gang. The only 
exceptions to this statement were some light plates and 
angles in a few of the intermediate posts, which were 
punched and reamed. 


Much difficulty was experienced in obtaining metal ‘ that had alre: 


| spans was begun in March, 1888. and the last 
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for the » heavy plate links at the apper em ts of the end! 
| posts which would fill the requirements of the speci- 
fications, or sufficiently near thereto. A number of | 
steel plate makers felt confident of being able to pro 
dace such thick and heavy plates as would meet the 
requirements of this case, but repeated trials were 
failares. 

The metal would be very low in elastic limit as well 
as in ultimate, and develop porous places in the in 
terior of the mass. The whole difficulty lay in the 
stuall amount of work which was put upon the metal 
between the ingot and finished plate. Messra. Graff, 
Bennett & Co. finally produced a number of plates of 
open hearth steel which met the requirements of the 
specifications. 

Their financial difficulties coming on at this time, 
however, prevented their completion of more than a 
few only of the plates required. The remaining plates 
for these heavy links were made of Bessewer steel and 
produced at the Homestead mills of Messrs. Carnegie, 
Phipps & Co The experience with these plates was 
very interesting in itself, although the difficulties en- 
countered threatened at one time to result in a serious 
delay to the progress of the work. It demonstrated in 
a peculiarly clear and effective manner the improve 
ment in the quality of the metal produced by an in- 
creased amount of work. The most porous portions of 
several plates were a oumber of times worked down 
under a hammer to bars of most excellent steel, alike 
in respect to its elastic limit, ultimate resistance and 
ductility 

The 7 inch steel eye bars were forged from open 
hearth steel, while the 8 inch bars were forged from 
Bessemer steel 

The steel pins were forged from open hearth metal. 

Before proceeding with the actual shop work on 
these spans, many carefal tests on the effect of the 
various shop manipulations of the steel material were 
made in order that the greatest confidence might be 
placed in the resulting work Rivets both with 
countersunk and full heads on one and both sides of 
plates were driven, and the hammering continued 
throughout the stage of blue beat as the metal cooled 
down. Heads were then knocked off, or the counter- 
sunk rivets driven oat in such a way as to give their 
material as much abuse as possible. The results of 
these tests were in every way highly satisfactory and 
showed that the waterial selected was admirably 
adapted to its purpose. They also revealed the fact 
that with proper material in steel rivets, that is, with 
phosphorus not over about five handredths of one per 
eent.,. and with an ultimate resistance of about 
60,000, they can be used so as to stand more abuse 
than those of iron and give far more strength and 
toughness, 

Steel plates were also sledged with heavy hammers 
and stretched at various points irregularly until they 
were badly curved out of shape and left curved with 
hammer warks. After this maltreatment specimens 
were cut out and tested in tension and bending. The 
ductility in such cases was found to be only a little in- 
jured, with an ultimate and elastic limit somewhat | 
raised. | 

Some of these tests were reported in the 7ransactions 
of this Society for October, 1887, vol. xvii., p. 185. | 
The results of these special tests and the general result 
of the whole work demonstrated the fact that the 
growing confidence which has been placed in struc- 
tural steel is not misplaced, but most firmly founded. 
The various tables of results appended to this paper 
are extracted from the various tests which were made | 
to establish the character of the material in the 
general progress of the work. They are true repre-{ 
sentations in all cases of the average results obtained. 
rhe entire record of tests has not been incorporated in 
this paper for the reason that a very large number are 
shown, and the whole would have added unwieldly 
bulk to it without conveying any additional informa- 
tion 

The specifications under which this work was exe 
cuted were drawn up and proposed by the Phenix 
Bridge Company, by whom the entire work of these 


spans was designed, constructed and «rected and 
accepted by the Covington and Cincinnati Elevated | 
Railway, Transfer and Bridge Company. 


The actual shop work of the constrution of these 
of the) 
three spans was coupled and traffic passed on the 25th 
of December of the same year 

The weight of the iron and steel in two 490 foot 
and one 550 foot spans is almost exactly 10,000,000 
pounds. The length of the Covington approach is} 
about 1,533 feet, while that of the Cincinnati approach, 
including the structure carrying the many diverging} 
tracks to the freight depot, is nearly 2,300 feet, making | 
a total length of structure carrying a double track 
railway, double roadway and sidewalks of almost 
exactly one mile. The total weight of metal in this 
entire structure is 20,360,000 pounds, 

The work of erection of these spans under ordinary 
circumstances involved no special difficulties, but the 
abpvormal character of the season demonstrated with 
great intensity the full dangers which may beset any 
work carried on in the Ohio river. In June, 1888, as 
soon as the stage of the water would permit, false 
work was begun at the Covington end of the south 490 
foot span. 

In the early part of August this span was safely 
coupled, after a most dangerous flood in the river dur- 
ing the latter part of July. This flood caused a rise in| 
the river of about 25 feet. Large quantities of drift | 
were brought down by the current and lodged against 
the false work then carrying the large traveler and | 
about two thirds of the trusses and railway floor. The‘ 
pressure of this mass was so great that it pushed the, 
false work about one foot down stream, but did no| 
other damage. Incessant rains made it impossible to 
commence putting the iron of the 550 foot span on the! 
false work until about the middle of August. Shortly | 
after that time the river experienced another flood rise 
of 27 feet, with enormous quantities of drift. These 
conditions prevented mach progress in the work, but 
on August 26 about 700,000 pounds of iron and steel | 
railway floor and eye bars were placed on the false | 
work. which at that time was not quite completed for | 
the 550 foot span. For several days previous to August | 
26, it became evident that the high water was becom- 
ing exceedingly dangerous, and the entire erectioa 
foree was occupied in attempts to protect the work 

ady been done and remove so far as pos- 


‘driving and false work were soon completed. 


courses of masonry, each 2 


sible the drift which was continually coming down the 
river. 

Bat on that date (August 26), with some 36 feet of 
water ip the river, the drift formed a continuous mass 
for over 500 feet upstream from the bridge, and ia 
spite of expensive tewporary protection it swept the 
false work, the large traveler and nearly 700.000 
pounds of iron and steel work down the river in an 
absolutely complete wreck. Masses of this wreckage 
were stranded down the river from the bridge site for 
fully 50 miles, and two steel eye bars were picked up 45 
wiles from the bridge. Subsequent careful examina- 
tions of the river bottom showed that the false work 
piling failed by a very little only in holding its own 
safely against the flood and drift. The bottom was 
found to be scoured out for a considerable portion of 
the span to an increased depth of 10 to 12 feet, thus re- 
moving from the false work piles the support which 
they required. This scour was, of course, due to the 
large mass of arift which had become nearly solid from 
the water surface to the bottom of the river on the up- 
stream side of the piling. Had the bottom not scour- 
ed, the false work structure would have safely with- 
stood the flood. In fact, it held firmly for a number of 
hours with the flood at about its maximum beight, 
and the water commenced to recede within six hours 
after the failure. Contrary to usual experience the river 
maintained its high water during the entire month of 
September and the early part of October, although it 
receded for short periods, at several intervals, from 5 
to 17 feet. 

The Phenix Bridge Company at once ordered new 
lumber for false work, traveler and piles at as many 
points as possible in Ohio, Indiana, and Georgia, so as 
to insure the concentration of the largest quantity in 
the shortest time. New hoisting apparatus also had 
to be ordered and an extensive electric light plant was 
founded and started within four days after the wreck, 
and the entire bridge site was thus illuminated and 
all the operations of pile driving, placing false work 
and erection of the iron and steel work were actively 
continued both day and night. In fact, from the day 
of the wreck, on August 26, to the completion of the 
structure on December 25, there was no cessation of 
operations either night or day. It became evident 
from the phenomenal character of the season that the 
usuai autumn low water in the Ohio river was not to 
be experienced. Hence, in order to give the new faise 
work of the 550 foot span thorough protection, 
two lines of heavy piling were run obliquely up- 
stream about 600 feet from each of its extrem.‘ies, 
thus forming by their intersection a V shaped protec- 
tion, with the angle of the V about 550 feet up stream. 
Each of these lines was formed by piles 5 feet apart 
centers, backed by a group of six piles every 40 feet. 
The two lines were then ential by 4 by 6 scantling. 
A depth of water 4 feet in the river would have just 
submerged this protection, but it was considered safe 
to neglect the expectation of such a rise, and subse- 
quent events justified the anticipation. This protee- 
tion was found to act most admirably and formed a 
complete safeguard to the false work against a number 
of rises in the river with very considerable amounts of 
drift. 

So actively was the work prosecuted that just five 
weeks from the day of the wreck the entire false work. 
including piles, the two travelers and about 1,200 
lineal feet of pile protection, were completed in place, 
the iron and steel floor once again being placed on the 
false work. During this time over 950 piles had been 
driven and nearly a willion feet of lumber framed and 
placed in the false work and the two travelers, the 
traveler for the handling of the iron and steel! being as 
large as any ever constructed. The 700,000 pounds of 
iron and steel railway floor had within the same time 
also been entirely reconstructed from new material at 
the Phoenixville shops and delivered at Cincinnati. 
The erection of the iron and steel work of the 550 foot 
span was then pushed forward night and day, and was 
entirely completed, including the floor and all lateral 
and transverse bracing, on the 28th of October, and it 
was swung clear frow the false work immediately 
thereafter. 

The coupling of this span was completed just after 
a heavy storm with a flood rise of 27 feet, making the 
third period of high water since the beginning of the 
work. 

This flood rise continued at or near its high water 
mark for some three weeks, and prevented the driving 
of any piles for that length of time in the north 490 
foot span. During the last of November, however, 
the water commenced to recede, and the remaining pile 
On 
December 9, the first iron work for the railway floor 
was run out on the false work of the north 490 foot 
span at the Cincinnati end of the structure, and the 
erection of the remaining iron and steel work was 
earried on continuously day and night until the last 
coupling was effected, as stated, on Deeember 25. The 
placing and erection of all the iron and steel work of 
this span, including railway floors and all lateral and 
transverse bracing, was completed in sixteen days, on 
the last of which the first regular railway traffic 
passed over the bridge, from which time schedule 
trains were regularly run. 

SUBSTRUCTURE. * 

The shore piers of the two 490 ft. spans rest on piles 
oe transversely of pier with 12 < 12 in. white oak 
timbers! which in turn carry longitudinally of pier 
nine lines of the same 12 X 12 in. timbers. These latter 
carry a solid 12 in. white oak floor or platform about 
72 X 36 ft., on which the masonry is placed, The piles 
are placed 4 ft. apart, centers in both directions. They 
are white oak sticks driven to refusal 30 to 42 ft. in the 
|elay and gravel of the banks. There are five bottom 
27 in. thick and each stepped 
off 12 in. The masonry of the main body of the pier 
surmounts these bottom courses with the batter and 
| dimensions shown in the cut. 

The 24 in. subcoping courses on all the piers are of 
Kentucky freestone ; while all the 24 in. coping courses 
are oolitic limestone from Salem, Indiana. This latter 
is a very compact stone and offers acompressive resist- 
ance of about 12,000 pounds per square inch ; its ratio 


bed The writer is chiefly indevted to Mr. Epes Randoiph, ¢ ‘ ~hief Engineer 
of the Covington and Cincinnati Elevated Railway, Transfer and Bridge 
Company, for the ample notes on which the following account of the 
enbstructure work (frequently in the words of Mr. Randolph) m= based, 
aliheach Mr, Charies Sooysmith, M. Am. Soc. C. E., has also given him 
valuable sistance in several particulars, 
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of absorption does not exceed 2 per cent. of its weight. 
The belting courses are of a very superior sandstone 
from the interior of Kentucky, known as Kentucky 
freestone. It possesses a compressive resistance of 
about 15,000 pounds per square inch and a ratio of 
absorption of 3 per cent he Kentucky shore pier 
was built of this freestone throughout, while the 
Ohio shore pier is entirely built of Obio river freestone. 
The two river piers are faced with Greensbarg lime- 
stone, and both are backed with Ohio river freestone 
from top of caisson to belting course. Above the latter 
thesame backing was used in one river pier and the 
Kentucky freestone in the other 

The two river piers, one at each end of the 550 foot 
span, reston pneumatic caissons 81 ft. 3 in. x 34 ft. 10 
in. in plan at cutting edges. The batter of the sides 
of the caissons is lin 15. The walis of the working 
chamber for a distance of 6 [t. below the roof are 
4 ft. thick and composed of three shells of 12 x 12 
in. sticks with four of 3 in. sheathing, arranged al- 
ternately. The outer shell of 12 in. sticks is carried 
down 2 ft. below the interior and 1 ft. below the center 
one ; the former carries at its lower extremitya6é x 9 
in. piece of oak chamfered to form the cutting edge. The 
distance from base of cutting edge or shoe to the roof 
of the caisson is 8 ft. 9in. The outside 3 in. sheathing 
is laid on vertically, and well calked. The inside shell 
of 3 in. sheathing is also laid on vertically, but the two! 
intermediate shells of the same material are laid diago 
nally, thus binding each entire wall together in neo 








solid unit. The roof. of the working chamber is also 
covered with 3 in. pine sheathing, and the walls of the 
working chambers are braced longitudinally to the 
caisson by two pieces of 12 X 12 inch oak sticks ran-| 
ning the entire length and tied securely to the end} 
walls. These longitudinal sticks are held at the proper 
distance from the roof of the caisson by 12 x 12 in. 
oak sticks and 1 in. wrought iron rods. The trans- | 
verse bracing of the walls of the working chamber are 
held rigidly in place by five 14 x 14 in. oak sticks and 
2in. round wrought iron rods ruauning through the 
walls to the outside sheathing. The roof of the caisson 
is formed by seven solid transverse and longitudinal 
layers of 12 > .2 in. pine sticks. | 
Above the caisson is constructed the crib work, or| 
grillage, formed of alternate series of four longitudinal 
and eight transverse 12 x 12 inch pine sticks, with in-| 
terstices forming by far the larger part of the mass | 
filled with the best concrete. 


| 


This crib work consists | 
of thirty-five layers in the Ohio caisson and thirty-) 
four layers in the Kentucky one, above which comes 
the masonry of the pier proper. As the building 
of the crib progressed, the work of concreting was 
completed after about every three courses of the tim- 
ber work were finished. The topof the erib work is 
about 30 x 76 ft., and the distance from the top of the 
crib work to the eutting edge is 52 ft. 5in. for the 
Ohio and 51 ft. 3 in. for the Kentucky caisson. 

The Ohio caisson and crib contains about 527,000 ft 
B. M. of timber, and the Kentucky caisson and crib 
about 514,000 ft. The timber in the caisson and cribs 
was in the main drift bolted, although] some parts of 
the working chamber were joint bolted, while the 3 in. 
plank was spiked. 

The composition of the concrete used in the crib 
work was as follows: One part Louisville cement, one 
part clean sand, and three parts stone broken to pass 
through a3 in. ring, all well mixed, with just sufficient 
water in the sand and cement togive a thick paste. A 
No. 3 Gates crusher, with a fifteen horse power engine, 
was used to crush thestone. The capacity of the crusher 
was about 80 cubic yards per day of ten hours, and the 
force used in this part of the work consisted of twelve 
men, one engineer, three men and helper, three men and 
chute, five men delivering stone to the crusher barge. 
The chute at which the three men were employed 
was the channel along which the broken stone was de- 
livered from the crusher to the barge, on which it was 
earried to the pier in process of construction. The con- 
crete mixer consisted of a Sooysmith proportion meter, 
screw conveyor and mixer, worked by a six horse 
power boiler. The usual total force employed in and 
about the mixer was about twenty-five men, while the 
concrete force in the crib usually consisted of about 
twelve men. 

The Ohio caisson was launched June 2, 1887, and was 
kept afloat by a false bottom, which had been placed 
temporarily just below the oak stiffening timbers, 
which braced the walls of the working chamber; it 
was made of 3 in. plank. Immediately after the caisson 
was launched an air compressor barge was lashed to it, 
connections made and air used to aid the false bottom 
to float the caisson. When launched, June 2, the 
eaisson working chamber had only one course of the 
deck laid above it. From June 2 until June 20 the 
time was spent in completing the roof or deck of the 
caisson, after which it was floated into position behind 
arow of protection or guide piles V shaped, with the 
angle up stream. The Ohio caisson was settled to 
river bottom June 20, and rested on a level surface 7 
ft. below low water, and the false bottom was entirely 
removed July 1 by sawing into small pieces and shov 
ingthe portions under the cutting edge. 

The pneumatic machinery and electric light plant 
were located on two barges alongside of the caisson and 
crib. The larger barge, 26 X 96 ft., carried two Inger-| 
sol duplex air compressors, two duplex Worthington 
pumps, 10 x 18, and three boilers. The other barge 
earried one 1044 X 18 duplex Worthington pump, one | 
16 X 24, and one 18 X 30 Ingersol straight line compres- | 
sor, one Knowles pump and ‘three boilers, and one m5 | 
namo, with four are lights of 1,200 candle power each. | 
Both barges contained machine shop requisites for 
such work as wasfound necessary to be done for the | 
repairand maintenance of the entire plant. The air} 
lock was located in the 4 ft. cylinder of a 3 in. boiler 
iron running from the top of the working chamber 
through the deck and crib work about 18 or 20 ft. 
above the top of the latter. As the caisson was sunk 
the cylinder was carried up section by section and 
masonry built around it. 

The inside of the cylinder carried a ladder 15 in. 
wide with *¢ ip. round rungs 16 in. apart. The ap- 
per and lower doors or valves of the air lock both 
swung downward. When a _ section was added 
to the cylinder which carried the air lock, the up- 
per door was generally madea lower. Inthis man- 
ner the air lock was gradually carried up as the height 
of masonry aetinses 4 Each door or valve was 20x 27 
in., built of 4¢ in. wrought plate, to which was riveted 
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a its X 34 in. gasket ring and a 14, in. rubber gasket, 
making when closed a tight fit. These doors were 
raised and lowered by block and tackle. 

As the caisson descended and air pressure increased, 
the time required for the equalization of pressure in 
the air lock varied from pf om to three minutes, ac- 
cording to the pressure and to the ability of the parties 
descending to sustain the corresponding changes of 

ressure. A concrete shaft, 1 ft. 6 in. diameter, of \y in. 

iler iron, with a door at top and bottom, was located 
near the middle of the caisson. 

The equalizing in this shaft was done from above by 
means of a 4 in. pipe connection with the working 
chamber to give compressed air when the concrete was 
passed downward. It was only used after the caisson 
was in place for the purpose of supplying concrete to fill 
the working chamber. Both the air and concrete 
shafts and also the 4 in. pipes were bolted to the deck 
course forming the roof of the working chamber. 
Four-ineh a were used to discharge gravel and 
sand from the working chamber. Swall piles of gravel 
and sand would be gathered at the lower openings of 
the pipes, which projected 6 or 7 {t. into the chamber, 
after which a valve in the pipe would be opened and 
the material foreed up into the pipe and into the river 
by the compressed air. 

This method was pursued nearly the whole time and 
removed wost of the material. he larger bowlders, 
rocks, ete., however, were hoisted through the exca- 
vating shaft located near the concrete shaft. It was 
earried up through the deck and erib work about 3 ft. 
square with its lower end terminating in cylinders 
about 4 ft. long and 2 ft. 8in. in diameter, with two 
doors 1 ft. and 1 ft. 6 in. on opposite sides. This cylin- 
der was bolted to the top of the working chamber and 
was entirely within it. he bottom was concave, with 
a small hole 3 X 4 in. just above it. The material was 
raised in a bucket fitting closely inside this cylinder by 
means of a derrick on the boat alongside the caisson. 
There were two openings corresponding to the doors of 
the cylinder on the upper part of the bucket into which 
the bowlders, ete., were thrown, after the air in the 
bucket had been equalized and the doors in the cylin-, 
der opened. The bucket was guided through the 
shaft by two beams projecting over its top, fitting in- 
to grooves in the sides of the shaft. 

Fora short time at the beginning of the work this 
excavating shaft was not used, and the bowlders were 
carried down with the caisson, except a small quantity 
which was locked up through the air shaft in sacks. 
sand pamp attached to the Worthington pump above 
and to the ejector below, terminating in a 4 in. rubber 
hose and strainer, was in frequent use to remove sand, 


|ete., the materials having beep stirred up with a jet 


attached to the ejector just above it. Men worked in 
eight hour ehifts oe and night until work was finished. 
Valves were attached to the lower end of the 4 in. 
pipes leading from the compressors to the air chamber 
with automatic closure, in order to give the men ample 
time to get out if accidents should happen to the air 
compressor. 

As already stated, the work of sinking the caissons 
was begun July 1 ard continued Jwithout serious in- 
terruption until October 12, when the depth of cut- 
ting edge below low water was 52 ft. 9 in., with air pres- 
sure 23 pounds per sqaare inch. At this depth the pres- 
sure on the longitudinal wails was so great as to show 
some bending of the middle transverse bracing, and as 
bed rock was found at a depth of 1 ft. 9 in. only below 
the cutting edge at this stage of the work, it was deemed 
advisable to attempt no further sinking of the caisson, 
The working chamber was filled in the following man- 
ner: A solid concrete wall was built in the middle of 
the caisson at a weak point, with the bottom of the 
wall carried down to the first ledge of limestone. Ex- 
eavation was then made from the entire cutting edge 
to bed rock and the whole carefully sealed with con- 
crete. This was donein 10 ft. sections by first care- 
fully cleaning away all debris of the soapstone ledge 
and the thin ledges of limestone overlying the bed 
rock, and putting in the concrete—the cement used be- 
ing Alsen’s German. After the entire cutting edge had 
been carefully sealed in this manner the entire work- 
ing chamber was thoroughly cleaned out with great 
care. 

The soapstone edge and the first two thin layers of 
limestone which overlaid the bed rock of limestone 
were entirely removed. The working chamber was 
then completely filled with concrete, leaving no voids 
or interstices. The concrete shaft and air lock were 
then filled with concrete, using for both the working 
chamber and for the latter Louisville cement. 

The pneumatic work of the Ohio caisson was finished 
on October 31, at 4 P. M., the masonry of the pier be- 
ing 22% ft. high. The caisson rests on bed rock, and 
its position is precisely right. It was originally placed 
12 in. up stream, with the anticipation of its being 
drifted that much down stream before work was com- 
pleted, and the expectation was exactly realized. 

The resume of the work is as follows : 


Launched June 2. 

Sank to bottom June 20. 

Began cuties caisson July 1. 

Stopped sinking caisson October 12. 

Completed October 31. 

Time of sinking, 104 days; or 6 inches per day on 
the average from low water. 

Total time oceupied 133 days, from time caisson 
was sunk until completed. , 


Quantities in Ohio caisson and crib: 


527,500 feet B. M. of timber. 
3,648 6 eubie yards concrete. 
155,295°5 eu feet displacement, or 5,276°6 cubic 


ards. 
4,651 barrels of Louisville cement. 
496 barrels Alsen’s cement. 
Cutting 52 ft. 9 in. below low water. 
Bed rock 54 ft. 6 in. below low water. 
Bed of river to cutting edge 45 ft. 9 in. 


KENTUCKY CAISSON. 


The Kentucky caisson was launched on the of 

i— the same res oy for the Oe of 
foot was pu position 

= the pice with the deck compete On 


g 


uly 13 the conereting the crib was and 
with seven of the erib ! i 
sining 811 eubic yards of concrete, iy comple, cme 
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of the upper end was 10 ft. 2in., and | 


sft On Jaly 21 the false bottom was entirely out and 
caisson nearly fall of water In this position it was 
found to rest on a nest of sunken logs, some of them 2 


ft. in diameter, running under the cutting edge. The 
eutting out of these log at once begon, and was 
necessarily found to be somewhat tedious and trouble 


» Was 


Sottie 
They were cut into «mall pieces and taken out 
through the exeavation shaft in buckets. This work 


Pa Che presence of these logs 


sbout two weeks in sinking the 


Was cow pleted on Jaly 
occasioned the | 


; 
yee Of 


caisson In other respects the sinking of this caisson 
mans 

was quite similar in all its features to the other, The 

material passed through was sand, gravel and large 


bowlders, being apparently through the original bed 
of the river after getting down some 2 ft 


The resume of this portion of the work i« as follows 


Launched Jane 10 
Sunk June il 

Kegan sinking August 
Began crib July 10 
Completed erib September S 

Beyan concreting July 13 
Completed concreting September 15 
Reached bed roek October 27 
Completed work November Ss 
Total working days from time of 


ition, 120 


ne 


Daves employed sinking, August 5 to September 27 
"days 
Days emploved on erib, 60: average, 050 ft. per 


aay 


Days employed on conerete, 64; average, OO ft 
per day 

Average per day sinking, August 5 to September 
27, viz 

Distance bed rock to low water, Mi ft average 
0 575 feet per day 

Distance bed rock to bed of river, 42 {t.; average, 
0 451 [t. per das 


CONTENTS | 


514,083 ft. B. M. timber 

3,560°73 cubie yards concrete 

154 78 eubie feet displacement. 
5.155 735 eubie varde volume 

4.550 barrels Louisville cement 

450 barrels Alsen's German Portland 


bee 
m™ 


The Kentucky caisson remained in its first position | 
about 12 in. up stream. 

No delay, except two weeks cutting logs and a short 
delay owing to insufficient weight on top, was experi 
enced, The work went on smoothly all the time and 
was a perfect success 

The heat in both caissons was at times very great, 
and a few wen were disabled by the so-called ** bends, 
but no lives Were lost, nor were the men apparently in 
jured from working eight hours each shift continua 
ously, 

The following is a suceinct statement of the mason 
ry built upon the eribs over the two caissons at the 
ends of the 550 ft. span 

Began Ohio pier September 24, 1887 
Completed Ohio pier Juue 30, 1888 
Began Kentucky pier September 17 
Completed Kentucky pier Jane 9 
Actual working davs, about 150 Ohio 

tucky pier 
Rate per day 
height 


1S87 
SAS 


snd 140 Ken 


7 to in. per dav in 


approximately 


CONTENTS 


Limestone 181 GOR et 


1. vd. KRentueky pier 


Freestone 1,465 910 

Oolitie stone mw i50 
Total on oe 

Limestone 1405 S42 


Obio pier 

Freestone . 

olitie stone 
Total 


§ SA! 


The total weights 
concrete, masonry, iron 


lune vv lumber in substructure, 
ind steel of spans, timber floor 
of same and maximum moving loa the various 
abutment and river of this und the 
loads carried per pile on the abutment piers and per 
square foot ai bottom of caissous for the two river piers 
are as follows 


is, Ob 


piers structure, 


Ohio abutment pier, total weight 3, 202. 324 Ib 
Load per pile 77,200 
Kentucky abutment pier, total 
weight........ 138,800, 224 
Load per pile St. 200 
Ohio River pier, total weight 6, 719. 285 | 
Total load per square foot 13,000 
Kentucky River pier, total weight. 36,922,285 
Total load per square foot 18.047 


The above total weights, sustained by the two river 
piers, are the actual total loads, less the buoyant effect 
of the displacement, the volume of which g.ven in 
the preceding data. | 

The pneumatie portion of the substructure, including 
all caisson and erib work, was performed by Messrs. 
Soovemith & Co., during ISS7 and 1888, io their usual 
efficient and successful manuer.—Jrans. Amer. So 
(Nvil Engineers 
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ECONOMICAL APPARATUS 
By WALTER H. Incx, Ph.D. 


PIKCES of apparatus which can be easily made and | 
cost little for terial always in demand by those 
who have either lim incomes or who are at a dis 
tance from large enters, 

The following are 
ean be made by any ove w! 
of ingenuity or mechanical sk They are by no means 
to be regarded as temporary makeshifts: on the con 
trary, many of the pieces described may form trust 
worthy ,adjunets to the farniture of the laboratory. A 
very little trouble expended may render them quite 
presentable 


\ are 


DusiDbess 


. 


ite 





eeriptions of apparatus which ! 
esses a certain amount 


» PORN 


} 


t ‘ 


BLOWPIPES 


’ 
at of the lower | a sound cork laterail 
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three-quarters of its length, and 
then boring another hole transversely to meet the first 
in the center. At the shorter hole piace a jet made of 
hard glass tabing drawn to a point, and at the other a 
longer piece of soft glass tubing, baving the end 
smoothed by holding in the flame of a Bausen barner 


(to avoid cutting the lips), and a balb blown, as shown 











(Pie. A), to condense the moisture of the breath 
“7 
} 
g | 
A Fro. B 


A burner to be used for this blowpipe may be made 
by partly closing the extremity of a piece of hard glass, 


, 
_ 


as shown in Fig. B, attached to an ordinary gas jet by 


5 


a piece of Lodia rubber tubing 
A Herapath blowpipe, to re 
bellowa, may be constructed 


lace the use of an air 


y taking an ordinary 
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= NOZZLE 
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bladder—which has been rendered pliant by rubbing 
with sweet oil—and placing an India rubber ring round 
the center of it, as shown in the annexed figure. In 
the mouth of the bladder a large cork, bored with two 
holes, is firmly tied. Through one of the holes a long 
giass tube is placed, reaching to the bottom of the 
bladder and fitted with a Bunsen air valve. This air 
valve can be made by taking a stout piece of India| 
rubber and carefully slitting it about aninch length- 
wise in the center with a sharp knife. One end is then 
drawn over the end of the glass tube, and the other 
closed with a piece of glass rod ; this allows the air to 
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of the bottle, so as to act as a siphon. The water pase- 

ing through the center tube draws with it air, which is 

forced into the reservoir, while the water is carried off 

through the siphon. If the water supply be not at 
| hand, the lungs way be saved by filling the bladder by 
| beans of an ordinary kitchen bellows, 


BUNSEN BURNERS 


The simplest of this class of barners may be made by 
bending a bit of ordinary glass tubing at right angles, 
and nearly closing one of the extremities. This is then 
inserted into a small cork bored in the center and 
notehed at the sides, over which a slightly larger tube 
of hard glass is fixed. The free end of the tube may 
be supported on a large cork, or fixed intoa cork sup- 
ported on a glass funnel (see Pig. E 


| ft 
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Another very simple burner to be attached to an or- 
| dinary jet may be made by winding stout brass wire 
| round a tube slightly larger than the gas jet, so as to 
make acoil about 24g inches iong ; the inner core 
extracted, and fixed over the 


it Is 
one end of the coil 
burner, as shown in Fig. F. Instead of the brass coil a 
piece of brass or glass tubing may be fixed over an or- 
dinary burner by means of two swall wedges of cork at 
the lower extremity, allowing space enough for the air 
to enter at the sides. 

An Argand burner may be made by filing slits in a 
bollow brass door-handle, at regular intervals, and at- 
taching it to the gas supply (Fig. G). An ordinary 





enter the bladder, but prevents its exit. At the other 
hole in the cork is placed either an India rubber tube | 
leading to a blowpipe, or the blowpipe itself fitted on 
a piece of bent tube. The nozzle can be made by fix 
ing to an ordinary brass T-piece, by means of a cork, | 
a tube forthe blast of air, and at the other opening, at) 
right angles to it, a similar but slightiy larger tube for| 
the gas. The India rubber band in the center of the 
bladder is to give it elasticity, and acts in the same 
way as the India rubber sheeting in the ordinary foot 
bellows. If a wide jet for the air supply be used with 
low pressure on the bellows, lead glass may be very 
easily manipulated with this form of blowpipe, and, 
will not be found to blacken. If a fair pressure of 
water is at hand, a good blower may be made as fol- 
ows 

A small bulb is blown in a piece of glass tubing 
about six inches long ; this is pierced in the upper part | 


a 


] Zs 
| 








by carefully heating with the fine point of a blowpipe | 


flame, and then sharply blowing. The tube above the 


puncture is then slightly narrowed. A large wide- 
mouthed bottle is next taken, and fitted with a cork 
bored with three holes. In the center one the above 
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pertabte gas jet forms a good starting point for these 
»urners, and may be obtained for 1s. or 1s. 6d. from any 
gasfitter. In lieu of this, a brass rod, at the top of 
which a jet has been screwed, may be placed in a bot- 
tle fitted with a cork with two holes; in the other hole 
an elbow tube is fitted for the supply of gas. The bot- 
tle is three-quarters filled with lead shot or sand, to 
make it steady (see Fig. H). 

A spirit lamp is easily constructed by placing a bored 














Pro. J. 


cork in a wide-mouthed bottle; in the aperture a piece 
of glass tubing is inserted (Fig. I), forming « wick car- 


| rier, and the whole is rendered air-tight when not in 


use by placing a wide test tube over the cork. A small 
hole must be drilled in the cork, by means of a red hot 


tube is placed, connected with the water supply ; in| needle or wire, to allow air to enter the bottle and re- 
the second, a tube leading to the bladder reservoir;| place the spirit consumed. The application of stout 


A blowpipe for ordinary ase may be made by boring and in the third, a bent tube reaching to the bottom tinned jroa or brass wire is practically unlimited in the 
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coustruction of laboratory apparatus. A pair of flat 
and round-nosed pliers with a file are all that is re- 


quired for wanipulating it. The formation of a Buusen (in baif, and hammering the joint, thus making two/ 


burner (Pig. F) has already been described. The follow 
ing are hints which may be expanded at pleasure. 
Pineh-cocks, tripods, watch-giass holders, pincettes, 


test tube holders, fiiter rings may be wentioned among ordinary brass curtain ring is then hammered so as to 


the many useful things which may be made from wire, 
as shown io the figures given 
STKAM APPARATUS 

A most usefal, and often neglected, adjunct to a 
laboratory is ordinary composition lead gas piping. 
which for pliability, rigidity, non-compressibility, and 
cheapness, may vie with lodia rubber tabing. As a 
connection between vacaum pumps- and desiccators it 
is uorivaled 

By carefully winding this tubing round a fairly wide 
glass tube, parrowed at one end ficient con- 
denser way be wade, which acts quite as well as a 
jacketed Liebig’s condenser, and if it be japanned it 
looks equally well. It is, moreover, easier to handle, 
and more couvenient to attach to the water supply. 
Fig. K. shows the arrangewent. A hot water funnel, 


a tost e 





or steam bath, may be made by winding the composi- 
tion tubing spirally round a funnel (Fig. L), or in the 
form of a saucer, on which the evaporating basin may 
rest. Steam required for this form of apparatus may 
be generated from a tin flask or ean, such as a work 
man’s tea flask. A steam drying cupboard may b 
constructed by laying a coil of the composition tubing 
en the bottom of a box, such as is shown in Fig. M, 
and conducting both ends through holes bored in the 























————_—— = 
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sides of the box to the outside. Steaw passed through 
this coil heats the whole apparatus to about 190 to 200 
F.. which is quite hot enough for ordinary drying 
operations, such as drying filters, precipitates, ete. 

The steam required for one of the above pieces of 
apparatus will be found to be sufficient for all three, 
passing it first through the drying cupboard, then 
through the evaporating pan coil, and, lastly, through 
the filter warmer. It can then be led off through a 
condenser, and used in the laboratory as distilled 
water 

WOOD REQUISITES 

The manipulation of wood requires more skill and a 
few more tools, yet the following will be found by po 
means difficult to make 


A test tube holder (Pig N) can be made from two 














Fic 


pieces of soft wood. One square piece, 6 inches long, 
is rounded for 2 inches at oue end, and at one-eighth 
inch from the other end a curve is cut to hold the test 
tabe and prevent it from slipping. The clamp part is 
formed from a similar piece, but only 4 inches in length, 
245 inches of which are beveled off in the shape of a 
wedge, and on the same side a curve is ent correspond- 
ing to the curve on the first. The two are joined to- 
gether by a stout India rubber ring, as shown 

A retort or burette stand (Fig. O) can he made as 
follows: On a soft wood or deal base an upright of 
straight close grained wood about 1 inch wide by one- 
half inch thick is firmly fixed. This is cut with a 
wide saw three-quarters down its length, dividing the 
upright into two equal one-half inch squares. An ineh 
below the cutting a serew is fixed to prevent the wood 
from cracking and the cutting from extending. 


tightened at will. The clamp part is made by bending 


a piece of stout tinned irou plate, 10 inches by | inch, 


jarms 5inches jong. The ends are then bent in rather 
less than a half cirele, to catch auy round object which 
they are destined to hold, and lined with cork. An 


form an elongated oblong, and slipped over the clamp. 
By altering the position of this ring the jaws of the 
clamp may be extended or contracted. The top screw 
of the upright is then loosened, andsthe hammered end 
of the clawp placed within the slit ; on tightening the 
screw the two sides of the upright will be forced to 


' 
} 











igether, and securely tix the clamp in a rigid position. 
If the clamp be required to be elevated or depressed, 
all that has to be done is to loosen the top screw, place 


the clamp in the desired position, and again screw up! 


jtight. The whole apparatus may be then stained and 
the wetal parts japanned, which will give it a neat 
appearance. 
CHEMICAL APPARATUS 

Among the many simple forms for the constant sup 
ply of sulphureted hydrogen, carbonic acid. or hydro- 
| gen, the two following may be wentioned : A 6 oz. wide 
mouthed bottle (Fig. P)is fitted with a good cork, 
bored with two holes ; in one a delivery tube is fitted, 
and in the second an upright tube, having a large bulb 
blown in the center, reaching to the bottom. The 
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| bottom of the apparatus is covered with coarse pieces 
lof glass, aud the generating substances placed on this 
layer. As soon as the stream of gas is cut off by clos 
ing the exit tube, the acid is forced into the bulb, and 
| the evolution of gas ceases. 

| A second form consists of a wide mouthed tube, such 
jasasmall lamp glass, closed at the lower extremity 
| with a paraffived cork which has been perforated with 
four or more holes (see Fig. Q). The sulphide of iron, 
marble, or zine, as the case may be, is then placed in 
the tube, and the other end closed with a well fitting 
cork, supplied with a delivery tube. 

This is then placed in a wide mouthed jar half filled 
with diluted acid ; on stopping the current of gas the 
acid is forced out of the lamp glass, and consequently 
the generation of gas ceases till the delivery tube is 
reopened, when the acid flows into the inner tube, and 
the action recommences. 


A gas holder, which may equally well be used tor an 
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| tubes bent at right angles, one reaching to the bottom 
of the bottle and the other to the base of the cork. 
The rabber tabe connects the two long tubes ; when 
| the liquid is required to flow from one to the other, 
the full bottle is raised, the liquid siphons over inte 
the lower bottle and forces out the gas coutained there- 
in. Lf, however, the apparatus is required as an aspi- 
rator, the tube to be aspirated is attached to the shorter 
of the two tubes of the full bottle, aud the other low 
ered ; the water flowing from the upper to the lower 
bottie causes a diminution of pressure, and thas in 
duces a current of air. 

Out of a Winchester quart a serviceable percolator 
may be made by removing the bottom (Fig. 8). This 
is accomplished by touching the side with a piece of 
red hot glass rod at any place at which a division is 
required. This starts a crack which may be led in any 
desired direction by the careful application of a hot 
rod. A certain amount of practice is required to carry 
this out in a satisfactory manner. When the bottom 
has been removed the sharp edges are roughened by 
an application of a file, and the percolator, reservoir or 
gas jaris ready for use| There are other methods of 
rewoving the bottoms of bottles, but none is so safe as 
the one deseribed. Generally the bottom will come 
off pretty evenly by letting a poker or heavy iron bar 
fall vertically through the mouth. Another way is to 
wrap a strip of wet filter paper round the part to be 
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severed, and plunge the bottle evenly into boiling wa- 
ter up to the paper line. Bottles and wide tubes may 
be divided by wrapping wet filter paper evenly round 
the glass on either side of the desired line of division, 
leaving a quarter of an ineh free. This free space is 
then heated in a Bunsen flame, and on giving a sharp 
blow or pull the glass will generally sever along the 
heated portion, but this is by no means an infallible or 
reliable method. Broken flasks and retorts may be 
converted into serviceable evaporating basins by lead- 
ing the erack with the aid of a heated glass rod within 
two inches, more or less, of the bottom, and then hori- 
zoutally, so as to cut off a saucer-shaped vessel. The 
edges are then rounded in the blowpipe, and a lip 
made by strongly heating the edge at one point, which, 
when the glass is softened, is slightly forced outward 





with a piece of warmed metal, such as a knife blade. 

| Drying tubes for pumice stone and sulphuric acid 
(Fig. T), having a compact and neat appearance, may 
| be made in the following way. Take a soft glass tube 





| 
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| 











| 
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about 12 inches long and 4 inch internal diameter, 
heat strongly in the blowpipe 5 inches from either end 
till red hot, and eautiously pull out, making two con- 
strictions, care being taken not to let the glass in these 
two places be too thin. Then heat between the two 
narrowed portions, when white bot remove from the 
blow pipe and slowly pull the tube apart, always re- 
volving during the application of the blowpipe flame. 
Thus two tubes are produced. By careful heating 
and blowing, round off the bottom of each tube, leav- 
ing the glass as thick, if possible, as the rest of the 
tube. Take a cork and bore one small hole in the cen- 
ter and one at the side; in these two holes fit two glass 
lelbow tubes, the center one running down past the 
|narrowed part into the bulb below, the other going 
just below the cork.* The cork is then partially re- 
|moved to allow the insertion of the pumice, which 
|must be in pieces about the size of a small pea, and po 
| very small portions or dust must be placed in the tabe. 
| Sulphuric acid is then poured in through a small fan- 
|nel, and the cork replaced. The excess of sulpharie 
acid will collect in the lower bulb and may be foreed 
lout by blowing down the shorter tube. A very little 
| practice will enable any one to make these drying 
tubes. The only diffienity in their construction is the 





| 
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At’ aspirator, can be made by connecting two Winchester | formation of a neat bulb beyond the narrowed part. 


the top the two squares are joined together by a screw | quarts by means of an India rubber tube (Fig. R). Each|They may equally well be used for gas washers or 
having a thumb piece to enable it to be loosened or bottle is fitted with acork in which are placed two absorbers,—Chemist and Druggist. 
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“ COMPRESSED AIR” SHEEP SHEARER. 


™. 
THE recent sheep-shearing machine trial, which ex- | The sheep are not cut or injured, it is estimated that 


tended over three days, was probably the most exhaast- 
ive test that any machine has been subjected to for 


many years, 
The agricultural society of N.S. W., to whom the 


credit belongs of initiating and carrying out this trial, 


_ used every care and precaution to insure a fair contest, 





Fie. 1.—AUSTRALIAN COMPRESSED AIR 
SHEARER. 


and the decision of the six judges must be accepted as 
placing the relative merits of all the machines beyond 
dispute. 

Recognizing that a sheep-shearing plant to be effect- 
ive must not only insure good shearing, but must be 
mechanically correct, the agricultural society chose as 
jadges three practical squatters and three leading engi 
neers, and on the decision of these six gentlemen, the 
government national prize valued at £50, and the pas 
toralists’ prize of £25, has been awarded to the Austra 
lian compressed air shearer (Suckling and Martin's | 
patent). 

Each competitor was given a number of sheep, and 
at eight minutes past eleven the whistle was blown to 
commence work, which was continued until eight 
minutes past one After launch the time test was con 
tinued for two hours wore, and when time was called 





! 


| been patented by Mr. N. W. Moodey, of Fresno City, 


that a thrashing machine is traveled from farm to| made at intervals of about 10 hours. during the 800 
ar 


from six ounces to ten ounces more wool per sheep is | 
taken off with it than with the hand shears ; the wool | 
is shorn without second cuts, and the quantity of locks | 
is reduced. | 

The Australian shearer cannot get hot, but on the) 
contrary, as it is worked by cold air, the machine is 
much cooler in work than when idle. All the parts are 
inclosed in a casing, so there is no projection or ten- 
sion screw to catcli in and injure the fleece. 

The rubber hose that conveys the air to the shearer 
is perfectly flexible, so the shearer works all round his 
sheep jinstead of having to keep shifting the sheep to 
suit the machine.—Home and Farm 


AN IMPROVED FUSE CAP FASTENER. 


Tus device shown in the illustration. which has 





Cal., is especially designed as an improved implement 
for fastening the caps on fuse employed in exploding 
giant powder. The pliers are formed of two similar 
parts, connected by the pivotal rivet, each part hav- | 
ing a cheek with notches, at the sides of which are 
cutting edges for cutting the fuse. The curved jaws 
beyond the cheek pieces, when closed, form a circular 


SQ NOX 





MOUDEY'S FUSE CAP FASTENER. 





aperture, around which the jaws are beveled, one jaw 
having a tongue which fits in a groove in the other 
jaw. The pliers are employed for contracting the end 
of the cap on the fuse firmly and absolately water- 
tight, thas avoiding the dangerous operation of dig- | 
ging out wet and unexploded loads. 


THE ARTIFICIAL LIGHT OF THE FUTURE.* 


By Prof. E. L. NicHo.s, 


| 


hours that the lamp lasted. The candle power was re- 
determined at intervals of about 100 hours. The voltage 
never rose more than 0°65 volt above the initial value, 
and then only fora short time. The average electro- 
motive foree of the entire run was 0°40 volt below the 
initial value. The record of this lamp represents an 
individual case, and not the average obtained from 
many lamps, but it is typical of the results which have 
been obtained with many. The characteristic featares 
are rapid followed by slower falling off in candle power, 
the decrewent amounting finally to more than 50 per 
cent., and rapid followed by slower falling of efficiency, 
to a final value of 5°75 watts per candle. These changes 
were accompanied by cootinuous and marked increase 
in the resistance of the filament. 

If it be asked whether this individual case represents 
a state of affairs common to all incandescent lamps, I 
ean only say that in my experience, which ts certainly 
much less extensive than that of some others, I have 
known of no class of lamps, the performance of which 


| did not agree approximately with that indicated by 
| these curves. r. 


H. Pierce,* who deseribed ex- 
tended tests of the initial and average efficiency of in- 
eandescent lamps in a paper read before the Institute 


lof Electrical Engineers some time ago, recorded po ex- 


ception to this rule of decreasing candle power and effi- 
ciency with time. 

This falling off in candle power exhibited by lamps 
waintained at constant voltage can be met by a pro- 
cedure not easily applicable perhaps in commercial 
work, but readily carried out where the object in view 
is simply to study the behavior of the lamp under an- 
usual conditions. The wmwethod consists in raising the 
electromotive force at short intervals of time by 
amounts sufficient to restore the candle power to its 
normal value. 

Under this treatment the life of the lamp in question 
was not quite 100 hours. The total rise in electromo 
tive force during the test amounted to about pine volts; 
the efficiency decreased from 3°118 watts per candle to 
3468 watts percandie. The resistance of the filament 
rose from 2216 to 234°8 ohms. During the first 50 hours 
the changes were slight, then occurred a sudden in- 
crease of resistance, accompanied by marked rise 
in electromotive force and in amount of energy con- 
sumed. 

The life history of the incandescent lamp at still 
higher temperatures does not differ essentially from 
that which we have just been considering, but the 
changes in question go on wuch more rapidly. 

The conclusion to be reached from these data, and 
from the great mass of experimental results which has 


accumulated since the incandescent lamp has become 


an object of investigation, is only too evident. The 


Professor of Physies, Cornell University. 





Pre. 2.--THE COMPRESSED AIR SHEARER 
AT WORK. 


the Australian compressed air shearer had 45 to its 
credit, being an average of say eleven shorn sheep per 
hour. 

This was known as the practical or working test, and 
the Australian compressed air shearer was awarded 
6lé points out of a possible 660 for work done 

In the Australian compressed air shearer every ad 
vatage is taken of the most recent improvements, and 
the air compressors are manufactured for the company 
by the well known house of Ingersol, of New York. 

All that is necessary for a compressed air shearer 

»lant is a boiler, compressor, receiver and air pipes. 
he air supply pipe is ordivary black pipe, and the 

rubber hose which conveys the air to the shearer is 

simply a length of three-eighths inch garden hose. 

No shaftiog, pulleys, belts or gearing of any kind 
are required, and what is of equal importance to the 
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Fie. 3.—POSITION OF THE COMPRESSED AIR 
SHEARER WHEN AT WORK, 


equatter, almost no eypense is necessary in fitting up a 
shed for compressed a'r, as no posts or strengthening | 
of the building are needed, the air pipe being fastened 
er bung in any desired position, and the compressor 
can be at any distance from the wool shed. 

Indeed, so simple and easy in fixing are the parts of 
the compressed air shearer plant that inquiries are | 
now being made for portable plants. So an enterprising | 
man will now be able to travel with his compressed air | 
shearing plant from station to station in the same way 


|lamp has gradually risen trom five to three watts per 


|} power indicated by the maker, and was held at con- 


THE growth of electric lighting forms one of the 
most brilliant chapters in the history of invention. 
The record is one of which the eiectrician has reason 
to be proud. It is a record of advance following ad- 
vance in our means of generating current and of trans 
mitting it. It is the record of the evolution of the are 
lamp from the first crude forms to the perfectly regu- 
lated lamp of to-day. It is the record of the develop- 
ment of the incandescent lamp. Throughout it all we 
note with wonder that the perfecting of 10,000 details 
of construction has gone band in hand with ever-dimin- 
ishing cost of production. 

As we review the history of the electric light, how- 
ever, we find that in two respects there is less cause for 
congratulation. When we come to consider the quality 
of the light produced and the efficiency of the appara- 
tus as alight-making machine, we find that the incan- 
descent lamp of to-day produces the same quality of 
light which the earliest examples of its type were ca- 
pable of giving. We find, however, that its light dif- 
rers but little from that obtained by burning oil and 
gas, which, in turn, in spite of all the improvements 
which have marked the growth of artificial illumina- 
tion, is almost the same in quality as that which the 
Eskimo obtains from the crude blubber of the whale, 
or which the dweller in the log cabin on the frontier 
may get from his home-made tallow dip. 

It is true that the efficiency of the incandescent 


eandle, but those who have had occasion to trace the 
discouraging life curves of such lamps, may know how 
little real progress the change implies. We may start 
a well manufactured lamp at any temperature we 
please, provided we do not pass a certain limit, beyond 
which the life of the lamp would be too seriously car- 
tailed. The initial efficiency may be made as large as | 
we please, within that limit ; but it is only a question 
of a few days or hours when the lamp will have drop 
ped to the dead level of mediocrity, the five watt level 
which seems to mark the confines of permanency in the 
ease of incandescent carbon. 

When we takea lamp and raise its electromotive 
force step by step, measuring the current, voltage and 
candle power at each stage of the experiment, and plot 
the curve which expresses the relation between the 
energy required and the light produced, we are grati- 
fied at the marked rise in efficiency which follows each 
slight increase in the temperature of the filament. 
That rise of temperature, however, means shortening 
of the life of the carbon, is well known. Mr. John W. 
Howell, in a valuable paper read before the Awerican 
Institute of Electrical Engineers.+ has given us abun- 
dant data upon that point. Unfortunately, rise of 
temperature means much more than that. I will ven- 
ture to show you a few life curves recently obtained in 
the laboratory of Cornell University. These curves 
enable us to see ata glance what happens during the 
curtailed existence of a lamp which is forced to undue 
brillianey. I intreduce them because they indicate 
very detinitely the nature of the difficulties which 
confront us when we endeavor to increase the effi- 
ciency of an incandescent lamp by raising its tempe- 
rature. 

In the first instance, a lamp was started at the candle 





stant voltage by means of the current from a storage 
battery. The initial candle power was 16, which was 
obtained at the expenditure of 3.015 watts per candle. 

easurements of elesteemative force and curreut were 


* Abstract from a recent lecture before the Electric Club, New York. 


? - W. Howell ;: Transactions of the Am. Institute of E. E., vol. 
¥.. P. 237. 





jefficiency of an illuminant in which carbon is the 
|glowing material is a function of the temperature. 
| It appears that the incandescent lamp is fairly stable 
only at temperatures for which its efficiency does not 
exceed about five watts per candle. We have just seen 
what oceurs when one attempts to maintain lamps at 
degrees of incandescence corresponding to a much 
higher temperature. It is, perhaps, not possible to 
point out with perfect definiteness all the causes that 


jare at work to reduce the candle power. The black 


coating which gradually forms on the interior of the 
lamp bulb yy ty more and more of the light frow 
the filament as the age of the lamp increases. The 
growth of this film and its power of absorbing light 
have recently been carefully studied by two of my ad- 
vanced students, Messrs. B. E. Moore and C. J. Ling. 

The life curves which I have shown were made by 
them as a necessary part of their investigation of the 
loss of light due to the opaque film, and I will venture 
to take from their work, as yet unpublished, the re- 
sults which they have obtained. They show the 
amount of light of each wave length of the visible 
spectrum which the coating on the interior of the bulb 
absorbed. The measurements were made after the 
lamp had been in operation 100 hours, 200 hours, 400 
hours, and 800 hours. Abscisse are wave lengths and 
ordivates show the amount of light transmitted by the 
lamp bulb at the above mentioned times, in terms of 
the amount which the bulb allowed to pass before the 
coating began to form. The absorbing power of the 
film was very nearly uniform throughout the spectrum, 
so that the blackening of the lamp had no apprecia- 
ble effect upon the light which it emitted; also the 
absoption at the end of 200 hours was considerably 
more than half as great as that at the end of 800 hours, 
and the total loss of candle power due to blackening 
was about 22 per cent. 

These weasurements enable us to account for rather 
more than one-third of the loss of candle power suffer- 


|ed by the lamp. Weare not with our present know- 


ledge in position to speak so definitely concerning the 
other two-thirds, but the increase in the resistance in 
the carbon indicates another source of diminution. 
That gradual failure of the vacuum which the use of 
the spark coil would unquestionably have enabled the 
observers to detect, may well be answerable for the 
rest. Now, the temperature of an incandescent lamp 
filament at five watts per candle is very nearly the 
same as that of the carbon in the light-giving flames 
produced by the combustion of oils and gas, and it ap- 
pears that the attempt to pass this temperature in- 
troduces difficulties of such a nature as to lead to the 
serious question whether we have not reached a defi- 
nite limit, beyond which incandescent carbon ceases to 
be permanent. 

At that limit the efficiency of the lamp is very small 
indeed, 9 per cent. or more of the radiant ener 
we being of wave lengths too long to afford 
ight. 

As to the are light, no more encouraging report 
ean be made. On the contrary, it is perfectly well 
established that the quality of the light, instead of 
increasing, has fallen off, in the course of the develop- 
ment of the lamp from the clockwork regulators of 
Dubose and Foucault, with their slender carbons, to 
the commercial lamps of to-day. 

The researches of Nakano,+ Marks,? and others show 
that the efficiency of the are is a definite function of 
the current density of the terminals of the carbons, in- 





* W. H. Pierce : Transactions of the American Institute of Electrical 
Bugineers, vol. vi., p. 233. 

"ee Nakano: “Am. Institute of E. Engineers,” vol. vi., 
p. 2B. 

ie & See: Se. ee 8 ee ot Sh 
P. 





LK - ...— 7 


creo wo 


a=] 








Deceuser 13, 1890. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 780. 


12461 








creasing nearly in inverse ratio to the cross section 7 


the peneil. 

en the maximam current capacity of the latter 
has been reached, the efficiency is in the neighborhood | 
of 10 per cent., a value which is not likely to be greatly | 
exceeded by any of the methods in vogue at the pre-| 
sent day. 

As Mr. Edward Weston * says, in his discussion of 
Nakano’s paper on the efficiency of the arc lamp : 

“The small amount of luminous energy cowpar- | 
ed to the total energy employed is a sad thing al- | 
ways. 

In the vast accumulation of experience which the | 
past years have witnessed, nothing has come togeneral | 
knowledge which looks to the raising of the barrier | 
which blocks our progress. It seems only too probable | 
that the limiting temperatare at which carbon can be 
used for the production ef light has been reached, and 
with it the maximum efficiency of artificial illamina- 
tion. 

The phenomena observed whenever we attempt to 
raise carbon above what may be termed its normal 
temperature of incandescence are significant, and 
they all point in one direction. We have just seen that 
when we raise the voltage of an incandescent lamp, we 
gain splendor of performance at the cost of perma- 
nepee and stability. I might remind yoa, in this con- 
nection, that when the heat of gas flames is increased 
by forced draft, they become non-luminous; that the 
wagnificent illuminating power of the are lamp is not | 
due to the intensely hot electric are itself, filled | 
though it be with carbon in process of transfer from 
the positive to the negative pencil, but to the cooler 
earbon terminals. Such are the facts with which we 
have to deal when we consider the problem of increas- 
ing the efficiency of illumination by carbon, whether 
by direct combustion, by incandescence in vacuo or by 
the use of the electric arc. In the face of the many un- 
expected things that have been accomplished through 
the agency of electricity, he would be rash who assert- 
ed that the possibilities of carbon had been exhausted. 
In view of the achievements of the time one is not per- 
mitted to declare the case hopeless. Nevertheless, the 
outlook is not an encouraging one. 

If, in what I have said thus far, I have drawn what 
seems to be a gloomy picture, it is not because I fail to 
recognize the importance of the electric light of to-day 
as a factor in our civilization. Its superiority over 
other methods of artificial illumination is so well 
understood that it need not be enlarged upon here. Of 
its advantages we hear on every hand. Of its limita- | 
tions we hear less, and yet a knowledge of the latter is | 
quite as important to those who are interested in its | 
further development. The waste of 90 or 95 per cent. 
of non-luminous energy in the production of light is a 
matter to which we are apt to give little thought, and 
when the economic importance of the fact has been 
foreed upon us by the stady of the recent investiga- 
tions, which have been made to establish it, we find 
consolation in the thought that, after all, those per- 
centages are sowewhat larger than the corresponding 
values for candles, oil and gas. 

As time goes on, however, the question of the effi- 
ciency of illaminants will increase in practical im- 
portance. 

No one of us, I take it, is of the opinion that the 
world will always be content with the present extra- 
vagant methods of obtaining light. Progress in these 
matters is chiefly a question of the careful and ex- 
haustive study of the properties of the substances with 
which the inventor and engineer have to deal. As in 
the past, so to-day and in the future, researches in the 
laboratory must prepare the way for operations in the 
workshop and manufactory. I bave thought it not 
without interest, therefore, to discuss the behavior of 
incandescent carbon under conditions, some of which 
are not * commercial,” and to attempt to point out the 
significance of that behavior. Now, if you will permit 
me, [ will turn toward the fature and consider the pro- 
perties of some other sources of light, with the view of 
inquiring whether they may not have a part to play in 
the artificial lighting of days to come. 

What is to be the light of the future ? 

Frow the standpoint of the engineer, I will frankly 
say that I cannot answer that question, but abandon- 
ing the directly practical point of view, there is some- 
thing to be said. 

I need offer no apology here for presenting facts 
the application of which is at best remote, and the 
present importance of which is, therefore, rather scien- 
tific than utilitarian, nor need I remind you that all 
the so-called “ forces of nature” which have been yok- 
ed and impressed into the service of man were the ob- 
ject of scientific curiosity and the subject of scientific 
investigation long before the idea of a practical appli- 
cation was entertained. 

The number of elements and of compounds capable 
of sustaining a high temperature without dissociation 
or change of state is very large. Carbon is the only 
one of these, the capabilities of which as a source of | 
light can be said to have been fully tested, and yet all 
the others, when heated to a proper point, emit light- 
giving radiation. Take for example the metallic 
oxides. 

We heat the oxide of calcium in our magic lanterns, 
and it gives us a light of great intensity and but little 
inferior to the are light in whiteness. The exceeding | 
clumsiness of our method of rendering it incandescent, 
however, has prevented its adoption excepting for cer- 
tain special purposes. 

MAGNESIUM LIGHT. 


We burn ne in fire works and for photo- 
graphic flash lights, and occasionally we indulge in the 
luxury of igniting a bit of the ribbon and admiring 
for an instant the intense brilliancy of its lame. Now, 
magnesium is one of the most abundant elements on 
the face of our planet. It is a rather costly metal at 
present, being quoted at 50 cents an ounce in this 
country and at about half that price on the continent 
of Europe. 

Even under the limited demand for it which exists 
at present, it has fallen to about one tenth of its price 
of a few years ago, and I feel sure that it lies within 
the power of the electrician to greatly further reduce 
the cost of production. Among artificial illaminants, 
magnesium has in one respect no equal. W. H. 
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Pickering, who stadied its spectrum in 1880, found it 
to ———— sunlight ing ty even more closely than 
the electric are light does.* 

The magnesium flame is about ten times brighter in 
the violet than a gas flame of the same power, and buat 
little more than half as strong in the red. It will be 
seen also that it surpasses the electric are everywhere 
beyond the yellow, save in a very limited region of the 
extreme violet. In order to appreciate fully the signi- 
ficance of these curves, one must have had occasion to 
compare the various lights to which they refer, plac- 
ing them side by side and noting the effects. You are 
all aware that the magnesium light is very white and 
very powerful, but unless you have happened to see it 
in direct competition with our ordivary illaminants, 

ou will be but dimly conscious of the difference 

tween them. 

I have here a single m 
manufacture. By means o 


ium lamp of European 
a simple arrangement of 


clock work, it feeds « thin magnesiam ribbon at a rate | 


just sufficient to maintain a flame of between 40 and 50 
candle power. 
the screen just behind us. It gives you the impression 
of a nearly uniform white surface, which is well lighted 
by the incandescent lamps with which this hall is so 
abundantly supplied. Its whiteness now, however, is 
a very different thing from that which it will take 
on under the rays of the magnesium light. I light the 
little clock work lamp, placing it so that it illuminates 
a portion of the sereen. That part which is shaded 
from the lamp is just as well lighted as it was before, 
and its tint is in no way changed ; but no one would 
be likely to describe it as a white surface under the 
present circumstances, It has sunken by comparison 
into a rather weak chocolate brown. 
lamp so that you can see the burning magnesium, and 
place beside it, to emphasize the contrast, this lighted 
candle. How dull and sickly the candle flame appears, 
and yet, though old-fashioned and rather out of date 
among our modern glow lamps, the candle does not 
suffer greatly, so far as quality of light goes, by com- 
parison with them. 

I have been wuch interested in studying this source 
of light, and I wili venture to give you some of the re- 
sults which I have obtained. This lamp consumes 168 
milligrammes of magnesium per minute. It is difficult 
to determine its candle power by ordinary methods, be- 
cause of the enormous difference between the color of 
its light and that of gas light. By means of measure- 
ments made with the horizontal slit photometer, an in- 
strument the use of which entirely obviates this diffi- 
culty, | found the light to average slightly more than 
40 candle power. Assuming 40 candles to be the cor- 
rect value, we have 42 milligrammes of magnesium 
cousumed per minute per candle. Now, to maintain 
one candle power of gas light one minute with an 
average quality of illuminating gas, 137 milligrammes 
of gas must be consumed. With gas at $1 per 1,000 
cubic feet and magnesium at $10 per kilogramme, a 
price which is in exeess of the present European rate, 
the magnesium light would cost, candle for candle, 
about 6 72 times as wuch as gas. With magnesium at 
$1.49 per kilogramme, or about 67 cents per pound, the 
cost of the two illuminants would be the same. Look- 
ing at the matter from a slightly different point of 
view, we may say that since 4°2 milligrammes of mag- 
nesium will give as much light as 137 ae Ss 
gas, their relative productiveness as illuminants is as 
The true relation between their values is, 
however, expressed by a larger ratio than that, since, 
candle power for candle power, the real worth of a 
source of light increases with its temperature. The 
total luminosity of the are light, for instance, may be 
considered fully 25 per cent. greater than that of gas. 
Two candle power of sun light is the equivalent of 
three candies of gas light. The luminosity of the mag- 
nesium light lies between these two values. 

The proper way to compare sources of illumination 
is to dsoaenies their net and gross efficiencies ; by 
which I mean, respectively, the ratio of total radia- 
tion to light-giving radiation, and the ratio of the 
total amount of heat set free in the process of produc- 
ing a candle power of light to the heat energy repre- 
sented by the light itself. Now, the heat equivalent of 
a candle power of gas or of the light of an incandes- 
cent lamp at five watts per candle is about 3°6 gramme- 
calories per minute. The total heat of combustion set 
free in generating a candle power of gas light has been 
variously estimated at amounts ranging from 971 
gramme-calories per minute (Preece) to 4,100 gramme- 
calories (Thomsen). Calculations based upon the theo- 
retical heats of combination of illuminating gases 
give values nearer the latter than the former amount. 

The amount of heat set free when a gramme of mag- 
nesium is converted into the oxide is very much less 
than that resulting from the combustion of a gramme 
of coal gas, and the light obtained is, as we have just 
seen, more than 32 times as great. The gross efficiency 
of the maguesium light must, therefore, be many times 
higher than that of gas light. To be exact, we find, 
if we adopt the value given L. Thomsen ¢ for the 
heat of combination of m um (6077), that the 
magnesium flame of one ie power should generate 
only 2552 gramme-calories per minute. Taking the 
very low estimate of 1000 gramme-calories per minute 
for gas, we find the gross efficiency of the magnesium 
flame to be about forty times that of gas light. 

The simplest method of determining the net efficiency 
of a source of light is that recently applied by Mr. 
Merritt to the stady of the incandescent lawp.{ I 
have measured the efficiency of the magnesium flame 
by Merritt's method, which consists in receiving the 


radiation upon the face of a thermopile. A glass cell is 


containing a solution of alum is placed between the 
flame and the pile. This cuts off almost all those rays 
which do not prodnee light and permits about 75 per 
cent. of the luminous waves to After shoureion 
on a suitable galvanometer the deflection produced by 
the light-giving radiation, the cell is removed and the 
deflection noted again. The ratio of these two read- 
ings, properly corrected, gives the net efficiency of the 
source of tight. In the case of the magnesium flame, 
at least 15 per cent. of the total radiation was found to 
belong to the visible spectrum. Let us consider the mat- 
ter from another point of view. When we disperse the 





* W. H. Pickering : “Proceedings of the American Academy of Arts 
and Sciences, vol. xv, p. 240. 
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Turn your attention for a moment to| 


Let us turn the) 
| ture much above that of the electric are, but the 





rays from any source of light by passing them th 

a prism or reflecting them from a diffraction ome 
we find that we have todo with a great many rays whieh 
are of a wave — too great to affect the eye. These 
constitate what is called the heat s 

are accompanied by a few rays which are of the wave 
lengths capable of optical act By means of the ther- 
mopile or the bolometer, it is a to explore the 
whole spectrum, and to determine the intensity of the 
radiation of each wave length which the source emits. 
From these values the curve of distribution of heat in 
the spectrum may be plotted. The curve consists of 
two parts: That wh gives the energy of the light- 
giving rays and that which shows the amount of radia- 
tion outside of the visible spectrum. The ratio of the 
areas inclosed by these two portions of the eurve is the 
net efficiency of the source of light. Such curves for 
the flames of candles, oil, and gas show that less than 
two per cent. of the total radiation is luminous. In 
the case of the incandescent lamp the amount rarely 
exceeds five per cent. The are lamp contains about 
ten per cent. of useful rays. The magnesium light, 
therefore, according to the data which I have just pre- 
sented, a much higher net efficiency than any 
of the other sources of artificial illumination. To what 
does it owe its superiority ? 

We have seen that, weight for weight, magnesium 
affords more than 30 times the light obtained from gaa, 
with the development of much less heat, The quality 
of the light is such that merely from the standpoint of 
ilaminating power, to say nothing of the additional 
esthetic value of a light which approaches sunlight in 
whiteness, each unit of it must be regarded as the 
—a of rather more than 1°25 units of gas light. 

he character of the light corresponds to a tempera- 
me 
does pot seem to be very hot. I have not as yet sue- 
ceeded in obtaining a satisfactory measurement of the 
flame temperature, but a preliminary test, made at my 
request, gave approximately 1,400° C. This value, 
which is presented subject to correction, enables us to 
classify the magnesium flame, at least placing it among 
those the temperature of which is far below the melt- 
ing point of platinum. Its temperature, probably, 
does not differ widely from that of the luwinous gas 
flame.* 

The large candle power of the magnesium flame is 
due to its peculiar structure. A gas flame consists of a 
column of heated gases, the particles of which are ris- 
ing rapidly from the jet of the burner. These carry off 
with them, by convection, 80 per cent. or more of the 
heat of combustion. The flame owes its luminosity 
entirely to the fact that near the base of the column a 
few particles of carbon, as yet unoxidized, are heated 
to incandescence. The total radiating surface of these 
particles is very insignificant compared with the appa- 
rent superficial area of the flame; it is, indeed, not 
very different in extent from the radiating surface of 
the filament of an ordinary incandescent lamp of the 
same candle power. The constitution of the mag- 
pesium flame is very different. The product of com- 
bustion is the oxide of magnesium, a white, amorphous 
solid of considerable hye § it is, indeed, fully twice: 
as heavy as the metal itself. The oxide rem for 
the most part, in the place where it was first forméd. 
It becomes intensely incandescent, and having large 
radiating surface, it affords a large amount of light. 
Under such conditions, convection plays a minor part, 
and that which is the chief source of loss in the pro- 
duction of light by direct combustion of gaseous fuels 
is avoided. The gross efficiency is, therefore, very large. 

The question of the character of the radiation from 
the magnesium flame offers greater difficulties. It is 
certain that neither platinum nor carbon at any tem- 
perature to which they can be subjected in practice 
will give anything approximating to the quality of the 
magnesium light. I am convinced that we have to do 
here with a very different jaw of radiation from that 
which governs ordinary cases of incandescence. Taking 
carbon to represent the normal state of affairs, we way 
say that the radiation of magnesium oxides is out of 
all proportion to the temperature of incandescence, 
also that the percentage of those shorter wave lengths 
which furnish B wy blue and violet lightis abnor- 
mally large. at the radiation of the magnesium 
flame comes in part under the head of what Professor 
E. Wiedemann has termed “luminescence” I have lit- 
tle doubt. This word covers all those interesting phe- 
nomena known as phosphorescence, fluorescence, ete. 


LUMINESCENCE. 

Luminescence is supposed to be due to a different 
class of molecular vibrations from those which cause 
ordinary incandescence. One of the characteristics of 
this class of vibrations is that it tends to produce se- 
lective radiation ; that is to say, radiation which a 
single wave length or set of wave lengths predomi- 
nates. Another characteristic of luminescence is that 
it is frequently, perhaps always, the result of previous 
treatment to which the glowing body has been sub- 
jected. This previous process may have been nothing 
more than the shining of the sun’s rays upun the lumi- 
nescent surface, as in those cases of pepe 
concerning which Beequerel bas taught us so wuch. t 
It may have been in the course of some chemical reac- 
tion or process of crystallization that the —y | received 
its preparation. In such eases the power lies latent 
until it is disengaged by the action of some external 
force. 

The immediate exciting cause may be mechanical, 
electrical or thermal. In the last case, which most di- 
rectly concerns us here, a certain rise of temperature 

necessary to start the body into luminescence. When 
this critical temperature is below the red heat, the 
phosphorescent glow attracts attention, and invest 
tion follows. When, however, the temperature of la- 
minescence is high, the effect, L. wever warked it may 
be, is masked by the ordinary incandescence to be ex- 
pected at that temperature, and it is overlooked. Lu- 
minescence by heat is perforce transient. It is due to 
the expenditure of ene which has been stored by 
previous action. If we wish to see the effect repeated, 
we must restore to the material the potential energy 
which it bas lost. 

I am not in position to state tively that the glow 
of magnesium oxide is due to luminescent vibrations, 





* Roesett: (** Beiblaetter za den Annalen der Physik,” 2, p. 333 L bed 
as the temperature of the fone 1 ake aa the 
arc, at the hottest point, 3, ; Of the negative 2,400". 


t Beequerel, “* Annales de Chimie et de Physique” @), 5. 
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but lam of the opinion that such will be found to be | 
the case, Other metallic oxides also show peculiar 
ties of radiation which find their explanation wost 
readily auder that theory. While studying the distri- 
bution of energy in the visible spectrum of the lime 
light, three years ago, Mr, Franklin aod | found that a 
freshly ignited evlinder ander the oxy-hydrogen flame 
glowed with a brillianey equal to that of the magne- 
sium light itself.* This state of affairs lasted but a 
moment, however, and no amount of heating would 
bring oat. an old cylinder again into its inttial splendor 
It was plain that we were taking advantage of vibra 
tory power stored in the lime at some stage in its pre 
paration., -These vibrations, disengaged by the blow 
pipe, gave out in a very short time, after which the 

rformance of the lime degenerated rapidly to the 
evel which corresponds to ordinary radiation at the 
temperature in question 

You are all acquainted with the beantiful greenish 
yellow light which the oxide of zine emits uncer the 

ame of the blowpipe. It is entirely different from the 
Hight of the incandescent charcoal on which it lies, al 
though the two cannor differ widely in temperatare 
The zine oxide is luminescent, the carbon is simply in 
candescent, in the usual sense of the word. This isa 
case Which lends itself readily to study, since the tem 
peratore at which the abnormal glow appears is acon 
paratively moderate one. Last saursower I took the mat 
ter up, with the efficient co-operation of Mr B. W 
Snow Instructor in Physies in Cornell University 
We made a systematic comparison of the radiation 
from zine oxide and from platinum, at temperatares 
bet ween the redjheat and |,000° ©, weasuaring tempera 
tures and studying spectra by methods which | can 
not dwell upon here. Since the results which we ob 
tained are of a character to illustrate the points which 
seem to me most significant, in this question of the ra 
diation of the metallic oxides, I will indicate them 
graphically 

Zine oxide is a rather brilliant white pigment Its 
radiating power, therefore, according to the theory of 
exchanges, should be very small. At temperatures be- | 
low 700° ©. we found it to be very mach lower than 
that from platinum throughout the spectrum, and the 
light from the oxide to be of a duller red, Platinum is 
taken as the standard. The law according to which 
the visible radiation of platinum rises from zero at the 
extreme red heat, as the temperature rises, varies with 
the wave length. It bad to be especially determined | 
for the purposes of our investigation in each region of 
the spectrum to which our measurements were ex 
tended. 

At about 700° a sudden change occurs in the charac. | 
ter of the light from the oxide. It becomes brighter | 
than the platinum of the same temperatare, the in 
crease showing itself principally at the ends of the 
spectrum, At 707° and 730 the emanations are selec 
tive toa marked degree, the yellow being relatively 
very weak. Measurements of fresh filws of the oxide 
at still higher temperatures revealed the further de 
velopment of the abnormal radiation of this substance. | 
At 878° and 1,034" there is transition into a third and, | 
appareotiy, a final stage. The red end of the speetram 
loses its prominence, and the curve seems to be deve- 
loping into a straight line, the trend of which is such 
as to indicate that zine oxide, as we pass from the | 
longer to the shorter wave lengths of its spectrum, in- 
oreases in superiority over platinum at the same tem 
perature. 

It soon became evident, from the character of our 
results, that radiation at temperatures above about 
800° were of avery evanescent sort, falling off in in 
tensity and changing in quality from the first instant 
in which the oxide was heated. To follow these rapid 
ehanges proved a trying task. By taking a great many | 
fresh films of the oxide and watching the time changes | 
of one portion of the spectrum after another, however, 
we were able to obtain data which show the intensity 
of radiation and its character, relative again to that of | 
platinum, after the oxide had been maintained at| 
1.019" for a period of 30 seconds, of 60 seconds, of 300 
seconds, and of (00 seconds. At the end of the ten win- 
utes, the changes, although not entirely completed, 
were very slow 

The evidence of the existence of laminescence afford 
ed by these measurements seems to us to be nearly con- 
elusive, Extension of the investization to other of the 
metallic oxides and to wider ranges of temperature 
would, doubtless, lead to results more striking 

The application of all this to the problem of the light 
of the fature is asfollows: The fondammental question 
is thatof eMficiency. High efficiency at low tempera 
tures means selected radiation, which appears to be a 
characteristic of luminescence and not of ordinary in- 
candescence. The study of the radiation of the metal 
lie oxides above the red heat reveals the existence of 
properties which lead us to regard them as being lumi- 
nescent “ by heat.” Itis from such bodies that radia 
tion of high efficiency is to be looked for. We have in 
magnesium oxide a member of this particular class, and 
we have seen that when itis heated in the process of 
formation it gives asa light the efficienev of which is 
unapproached by that of other artificial iluminants. 

The problem is easily stated. (1) We need a body 
which is rendered vividiv luminescent by heat. The 
metallic oxides would seem to offey us many sach. (2) 
The waterial is to be brought to the temperature at 
which its laminescence is most marked. Does it pot 
seem probable that the best method, as in the case of 
earbon, will not be that of direct combustion, but of 
heating through the agency of the electric current ? 
(3) The material must be restored from time to time. 
Whether rejavenation is to be secured through elee- 
trical, chemical, actinic or mechanical means remains 
to be determined, 

Luminescence “by heat” offers, however, only a 
— solution of the problem of the highest efficienev. 

owever creat the efficiency of the luminescent itself, 
it is accompanied ty ineandescence of the ordinary 
kind. The ultimate solution is to be sought for along 
other lines. Lncandesseyce is too expensive a means of 
exeiting laminescence, There are wany other ways in 
which it may be generated; friction. chemical action, 

the impact of light waves, electrical excitation, certain 
vitai processes, are Known to result in the production 
of light. The physies of these phenomena is, for the 
most part, undeveloped. I know of but two attempts | 
to determine the efficacy of this * light without heat.” 


vol, xxxvill., p. 100, 


* See the * American Journal of Science." 
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‘rale, very small, and the heat has doubtless been re- 
warded as quite below the range of even our most sen- 
sitive apparatus. One of these two cases is of expecia! 
interest to the electrician. It is that of the spark dis- 
eharge in vaeuo. Professor S. P. Langley and Mr. F. 
W. Very, in a recent remarkable paper, entitled * The 
Cheapest Form of Light,” speak of the heat generated 
in the Geissler tabe as so minute as to seem to defy di- 
rect investigation. It has, however, been successfully 
measured by Dr. Staub, of the University of Zurich, 
by means of one of the most delicate instruments for 
the measurement of heat—the Bunsen ice ecalori 
meter.* 

In Staub’s experiments the vacaum tube was smoked 
with lawpblack and inserted in the ice calorimeter 
The ice melted in a given time afforded a measure of 
the total heat generated by the electric discharge 
through the tube 
with the unsmoked tube, ander which couditions the 
light-giving rays could eseape, gave the energy of non 
luminous radiation. The effleacy was found to be 3268 
per cent. The extremely «mall candle power of the 
light derived from the electric discharge in vacuo may 
seem to preclude all questions of its utilization in prac 
tical itlamination. The result is ope, however, which 
should not be lost sht of. It suggests a field of in- 
vestigation which may prove anexpectedly fruitful 

The Geissler tabe effect was not the source to which 
Langley and Very applied the term the cheapest 
form of light.” The subject of their research was the 
light of a Cuban tire-fly. Their work cannot fail to ex 


leite the highest admiration of every one who is able to 


appreciate the difficulties of such an investigation. 
The exploration of the heat spectrum of so insignifi- 
canta source of light is a task which very few physi- 
cists would, I think, bave considered practicable, but 
it has been carried through by these investigators to 
corp plete success 

When we study the curve.of distribution of energy 
in the speetrum of the fire-fly thus obtained, and cam 
pare it with the corresponding curves for gas light, the 
are light, and sunli ht, we find the expression, “‘the 
cheapest form of light,” which is applied to the light 
of the tire-fly by Langley and Very, to be fully justi 
fied. All the energy of its spectrum is massed within 
the narrow limits of the visible spectrum, and what is 
more, by far the greater part of it is in the form of rays 
which are especially important for the purposes of 


| radiation, the particular rays which give us yellow and 
jgreen light 


fhe von-luminous radiation which ae 
companies the light of the fire-fly seems to be so insig- 
nifleant that it was with dificulty that it could be esti- 
mated, even with the almost inconeeivably delicate ap- 
They give the 
efficiency as about 400 times as great as that of a gas 
flame. It cannot fall appreciably below 100 per cent. 

In what I have said this evening, I fear that I have 
fallen far short of what wight have been expected of 
a lecturer on the artificial light of the futare. I have 
endeavored to show that the efficiency of our present 
methods is too low to meet the demands of the future 
for econowical illumination, and that whether we ever 
succeed in approaching the perfeet economy of pa- 
ture's ‘ight-making processes, as exemplified in the fire 
fly, or not, there are many sources of light which 
promise high efficiency. If | have sueceeded in indi- 
eating, even vaguely, some of the conditions of the 
problem of the utilization of these, and in pointing out 
some of the lines of investigation which are to be fol- 
lowed in the development of new methods of lighting, 
my mission has been fulfilled 


(Continued from SurrieMent, No. 779, page L249.) 
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II. 


TO-NIGHT we have to discuss the law of the magnetic 
circuit in its application to the electromagnet, and in 
particular to dwell upon some experimental results 
which have been obtained from time to time by differ- 
ent authorities as to the relation between the con 
struction of the various parts of an electromagnet and 
the effect of that construction on its performance. We 
have to deal not only with the size, section, length 
and material of the iron cores, and of the armatures of 
iron, but we have to deal also with the winding of the 
upper coil, and its form, and we have to speak in par 
ticular about the way in which the shaping of the core 
and of the armature affects the performance of the 
electromagnet in acting on its armature, whether in 
contact or at adistance. But before we enter on the 
last more diffeult part of the subject, we will deal solely 
and exclusively with the law of force of the wagnet 
upon its armature when the two are in contact 
with one another. In other words, with the law of 
traction. 

1 alluded in a historical manner in the last lecture to 
the principle of the magnetic circuit, telling you how 
the idea had gradually grown up, perforce, from a con- 
sideration of the facts. The law of the magnetic 
cirenit was, however, first thrown into shape in 1873 
by Professor Rowland, of Baltimore. He pointed out 
that if you consider any simple case, and find (as 
electricians do for the electric circuit) an expression 
for the magnetizing force which tends to drive the 
magnetism round the circuit, and divide that by the 
resistance to magnetization reckoned also all round 


| the circuit, the total of those two gives you the total 


amount of flow or flux of magnetism. That is to say, 


one may calculate the quantity of magnetism that} 


passes in that way round the magnetic circait in 
exactly the same way as one calculates the strength of 
Rowland, in- 
deed, went a great deal further than this, for he ap 
plied this very caleulation to the experiments made by 
Joule more than 30 vears before, and from those ex 
periments deduced the degree of magnetization to 
which Joule had driven the iron of his magnets, 
and by inference obtained the amount of current tha 
he had been causing to cireulate. Now this law re- 
quires to be written out in a form that can be used for 


*G. Staub: Inaegers! Dissertation, Zurich, 1800, «(Gee the “* Bieblact 
ter zu den Annalen der Physik.” 4: p. SR) 

* Lectores delivere’ before the Society of Arts, London, 1890. From 
the Journal of the Society. 


The intensity is, asa ; 


A repetition of the determination , 


future calculation. To pat it in words without au) 
| symbols, we wast first reckon out from the number of 
turns of wire in the coil, and the number of amperes 
of earrent which circulates in them, the whole mag- 
netomotive foree—the whole of that which tends to 
drive magnetism along the piece of iron—for it ix in 
fact, san oer to the strength of the current, and 
the pum of times it circulates. Next we must as- 
certain the resistance which the magnetic circuit offers 
to the passage of the magnetic lines. I here avowedly 
use Joule’s own ex on, which was afterward 
adopted by Rowland, and, for short. so as to avoid 
baving four words, we may simply call it the magnetic 
resistance. 

Mr. Heaviside has suggested, as an advisable alter. 
pative term, magnetic re/uctance, in order that we 
may not confuse the resistance to magnetism in the 
magnetic cireuit with the resistance to the flow of 
current in an electric cireuit. However, we need not 
quarrel about terms. Magnetic reluctance is suffi- 
ciently expressive. Then having found these two, the 
quotient of them gives us a number representing—I 
must pot call it the strength of the wagnetic current— 
I will call it simply the quactity or number of mag- 
vetic lines which flow round the cireuit. Or, if we 
eould adopt a term which is used on the Continent, 
we might call it simply the magnetic flux. The flax of 
magnetism being the analogue of the flow of electricity 
in the electric law The law of the wagnetie circuit 
may then be stated as follows : 


mwagneto-motive force 





Magnetic flax = 
reluctance 

However, it is wore convenient to deal with these 
matters in symbols. and therefore the symbols which I 
use, and have long been using, ought to be explained 
to you. 

For the number of spirals i= = »inding I use the 
letter S. For the strength of current. or number of 
amperes, the letter ¢ For the length of « bar, or core, 
l am going to use the letter J, for the area of cross 
section the letter A, for the permeability of the iron 
which we discussed in the last lecture, the Cireek 
symbol #, and for the total magnetic flux, the number 
of magnetic lines, | ase the letter N. Then our law 
becomes as follows 





4x Si 
Magneto-wotive force 
10 
/ 
Magnetic reluctance 2 — 
Au 
iz’ Se 
10 
Magnetic flux .....N = ——-——— 
i 
oe as 
Au 
If we take the number of spirals and multiply by the 





nomber of amperes of current, so as to get the whole 
amount of circulation of electric current expressed in 
so WanY ampere tarps, and multiply by 4z, and divide 
by ten, in order to get the proper unit (that is to say, 
multiply it by 1°257), that gives us the magneto-wotive 
foree. 

For magnetic reluctance, calculate out the reluctance 
exactly as you would the resistance of an electric con- 
ductor to the flow of electricity, or the resistance of a 

| conductor of heat to the flow of heat. It will be pro 
portionate to the length, inversely proportional to 
the cross section and inversely proportional to the 
conductivity, or, in the present case, to the magnetic 
permeability. Now if the circuit is a simple one, we 
may simply write down here the length, and divide it 
| by the area of the cross section and the permeability, 
land so find the value of the reluctance. But if the 
|eireuit be not a simple one, if you have not a simple 
| ring of iron of equal section all round, it is necessary 
to consider the cireuit in pieces as you would an elec- 
trie cireuit, ascertaining separately the reluctance of 
the separate parts, and adding all together. As there 
tay be a number of such terms to be added together, 
I have prefixed the expression for the magnetic re- 
luetance by the sign 3 of summation. Bat it does not 
by any means follow, becanse we can write a thing 
down as simply as that, that the caleulation out of it 
will be a very simple matter. In the case of magnetic 
lines we are quite unable to do as one does with 
electric currents to insulate the flow. An electric cur- 
rent can be confined (provided we do not put it in at 
10,000 volts pressure, or anything wuch bigger than 
that) to a copper conductor by an adequate layer of 
adequately strong—and I use the word “strong ~ both 
in a mechanical and electrical sense-—insulating mate- 
rial. There arelmaterials whose conductivity for elee- 
tricity as compared with copper may be regarded 
perbaps as willions of millions of millions of times less, 
that is to say, they are practically perfect insuiators. 
There are no such things for magnetism. 

The most highly insulating substance we know of 
for wagnetisw is certainly pot 10,000 times less per- 
meable to magnetism than the most highly magnet- 
izable substance we know of, namely, iron in its best 
condition ; and when one deals with electromagnets 
where curved portions of iron are surrounded with 
copper or with air, or other insulating material, one 
is dealing with substances whose permeability, in- 
stead of being infinitely small, compared with the iron 
is quite considerable. We have to deal mainly with 
iron when it has been well magnetized. Its permea- 
bility compared with air is from 1,000 to 100 vous: 
that is tosay, the permeability of air compared with the 
iron is not less than from one one-hundredth to one one- 
thousandth part. That means that it is quite possible 
to have a very considerable leakage of magnetic lines 
from iron into air occurring to complicate one’s cal- 
eulations, and prevent an accurate estimate being 
made of the true magnetic reluctance of any part of 
the cireuit. Suppose, however, that we have got over 
all these difficulties, and made our calculations of the 
wagnetic reluctance. Then dividing the magneto- 
motive foree by the reluctance gives us the whole 
number of magnetic lines. 

here, then, is in its elementary form the law of the 
magnetic cireuit stated exactly as Obw's law is stated 
| for electric circuits. But. as a geueral role. ove re- 
quires this magnetic law fer certain applications, in 
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which the problem is not to calculate from those two 
quantities what the total of magnetic lines will be. In 
most of the cases a rule is wanted for the purpose of 
ealculating back. You want to know how to builda 
magnet so as to give you the requisite number of wag- 


netic lines. You start by assuming that you need to! 


have so many magnetic lines, and you require to know 
what magnetic reluctance there will be, and how much 
magneto-motive force will be needed. Well, that is a 
Matter precisely analogous to those which every elec- 
trician comes across. He does not always want to use 
Obwm’s law in the way in which it is commonly stated, 
to calculate the current from the electromotive force 
and the resistance ; he often wants to calculate what is 
the electromotive force which will send a given current 
through a known resistance. And so do we. Our 
main consideration to-night will be devoted to the 
question, How many ampere-turns of copper wire 
winding must be provided in order to drive the re- 
quired quantity of magnetism through any given 
magnetic reluctance ’ Therefore, we will state our law 
a little differently. What we want to calculate out is 
the number of ampere-turns required. When once we 
have got that, it is easy to say what the copper wire 
must consist of ; what sort of wire, and now mach of 
it. Turping, then, to our algebraic rule, we mast 
transform it, so as to get all the other things. besides 
the ampere-turns, to the other side of the equation. 
So we write the formula : ; 


n-2 
st=— 


1257 

We shall have, then, the ampere turns equal to the 
uumber of magnetic lines we are going to force round 
the cireuit multiplied by the sum of the magnetic re- 
fuctances divided by 1-257. Now this number, 1°257, is 
the constant that comes in when the length, 4 is ex- 
pressed in centimeters, the area in square centimeters, 
and the permeability in the usual nambers) Maaoy 
persons, unfortunately—I say so advisedly because of 
the waste of brain labor that they have been com- 
pelled to go through—prefer to work in inches and 
pounds and feet. They have, in fact, had to learn 
tables instead of acquiring them naturally without any 
learning. If the lengths be specified in inches, and 
areas in square inches, then the constant is a little dif- 
ferent. The constant in that case, for inches and square 
inch measures, is 0°3133, so that the formula becomes : 


-Nx2z 
A’“ 


Here it is convenient to leave the law of the mag- 
netic cireuit, and come back to it from time to time as 
we require. What I want to point out before I go to 
any of the applications is that with the guidance pro- 
vided by this law, one after another the various points 
that come under review can be arranged and explained, 
and that there does not now remain—if one applies 
this law with jadgment—a single fact about electro- 
magnets which 
Paradoxical some things way seem in form, buat they 
all reduce to what is perfectly rational when one has a 
guiding principle of this kind to tell you how mach 


Au 
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magnetization you will get under given circumstances, | 


or to tell you how much magnetizing power you re 
quire in order to get a given quantity of magnetiza- 
tion. Lam using the word “ magnetization” there in 
the popular sense, not in the narrow mathematical 
sense in which it has sometimes been used (/. ¢., for the 
magnetic moment per unit cube of the material). | am 
using it simply to express the fact that the iron or air, 
or whatever it may be, has been subjected to the pro- 
cess which results in there being magnetic lines of furce 
induced through it. 

Now let us apply this law of magnetic circuit in the 
first place to the traction, that is to say, the lifting 
power of electro-magnets. The law of traction I as- 
sumed in my last lecture, for 1 made it a basis of a 
method of measuring the amount of permeability. 
The law of magnetic traction was stated once for all 
by Maxwell, in his great treatise, and it is as follows : 

B’A 
P (dynes) BS ae 
Sx 
where A is the area in square centimeters. This be- 
comes 
BA 


Sx xX 981 

That is, the pull in grammes per square centimeter is 

equal to the square of the magnetic induction. B (being 

the number of magnetic tines tothe square centimeter), 

divided by 8, and divided also by 981. To bring 
ammes into pounds you divide by 4536; so that the 

formula then becomes : 


P (grammes) = 


PA 
P (ib.) = —-——_ 
11,183,000 
or if square inch measures are used : 
BtA’ 
P (Ilb.) = - 


72, 134,000 
To save future trouble we will now calculate out 
from the law of traction the following table ; iu which 
the traction in grammes per square centimeter or in 
pounds per square inch is set down opposite the corre- 
sponding value of B. 


This simnple statement of the law of traction assumes | 


that the distribution of the magnetic lines is uniform 
all over the area we are considerin 
nately, is not always the case. 

is not uniform, then the mean value of the squares be- 


hen the distribution | 


is either anomalous or paradoxical. | 


; and that, unforta- | 


TABLE VIL—MAGNETIZATION AND MAGNETIC 
TRACTION. 
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This law of traction bas been verified by experiment. 
The wost conclusive investigations were made about 
1886 by Mr. R. H. M. Bosanquet, of Oxford, whose ap- 
paratus is depicted in Fig. Sa He took two cores of 






To Galvanom ster 








Fig. 22.—BOSANQUET’S VERIFICATION OF 


THE LAW OF TRACTION. 
‘iron, well faced, and surrounded them both by mag- 
netizing coils, fastened the upper one rigidly, and sus- 
pended the other one on a lever with a counterpoise 
weight. To the lower end of this core he hung a seale 
| pan, and measured the traction of one upon the other 
when a known current was circulating a known pum- 
iber of times round the coil. At the same time he 
»laced an exploring coil round the joint, that — 
ing coil being connected, in the manner with which we 
were experimenting last week, with a ballistic galvano- 
meter, so that at the moment when the two surfaces 
parted company, orat the moment when the magnet- 
ization was released by reversing the magnetizing cur- 
rent, the galvanometer indication enabled you to say 
exactly how many magnetic lines went through that 
exploring coil. So that, knowing the area, you could 
|ealeulate the number per square centimeter, and you 
could, therefore, compare B* with the pull per square 
centimeter obtained directiy on the seale pan. Bo- 
sanqguet found that even when the surfaces were not 
absolutely perfectly faced the correspondence was very 
| close indeed, not varying by more than one or two per 

'eent., except with small magnetizing forces, say forces 
lless than five onits. When one knows how irregular 
the behavior of iron is when the magnetizing forces 
| are so small as this, one is not astonished to find a lack 
of proportionality. The correspondence was, however, 
sufficiently exact to say that the experiments verified 
the law of traction, that the pull is proportional to the 
square of magnetic induction through the area, and in- 
tegrated over that area. 

| Now, the law of traction being in that way estab- 

| lished, one at once begins to get some light upon the 

lsubject of the design of electromagnets. Indeed, 
| without going into any mathematies, Joule had fore- 
seen this when he in some instinctive sort of way 
seemed to consider that the proper way to regard an 
electro-mwagnet for the purpose of traction was to think 
how many square inches of contact surface it had. He 
found that he could magnetize iron up until it pulled 
| with a force of 175 1b. to the square inch, and he doubted 
whether a traction as great as 200 1b. per square inch 
could be obtained. 

In the following table Joule’s results (see Tabie L.) 
| are recalculated, and the values of B deduced : 


I will now retarn to the data in Table VL, and will 
ask you to compare the last column with the first. 
Here are the various values of B, that is to say, the 
amounts of magnetization yeu get into theiron. You 
eannot conveniently crowd more than 20.000 1 . 
netic lines to the square centimeter of the best iron, 
and, as a reference to the curves of magnetization 
shows, it is not expedient in the practical desin of elec- 
tromagnets to rene: except in extraordinary cases. 
tocrowd more than about 16,000 magnetic lines into the 
square centimeter. The simple reason is this, that if 
you are working up the magnetic force, say from 0 up 
to 50, a magnetizing force of 0 applied to good wrought 
iron will give you only 16,000 lines to the square centi 
meter, and the permeability by that time has fallen to 
|about 320. If vou try to force the magnetization any 
| further, you find that you have to pay for it so greatly. 
| If you want to force another 1,000 lines through the 
|square centimeter, to go from 16,000 to 17,000, you 
| have to add on an enormous magnetizing force; you” 
| have to double the whole force from that point to get 
| another 1,000 lines added. Obviously it would be much 
| better to take a larger piece of iron and not to magnet- 

ize it too highly—to take a piece a quarter as large 
| again, and to magnetize that less forcibly. It does not 

therefore pay to go much above 16,000:lines to a square 
centimeter ; that is tosay, expressing it in terms of the 
law of traction, and the ib. per square inch, it does not 
pay to design your electromagnet so that it shall have 
to carry more than about 150 lb. to the square inch. 
This shall be our practical rule: let us at once take an 
exawple. 

If you want to design anu electromagnet to carry & 
load of one ton, divide the ton, or 2,240 Ib., by 150, and 
that gives the requisite number of square inches of 
wrought iron, namely, 1492, or say 15. Of course, one 
would work with a horseshoe-shaped magnet, or some- 
thing equivalent—something with a return circuit— 
and calculate out the requisite cross section, so that the 
total area exposed might be sufficient to carry the 
given load at 150 lb. tothe square inch. And as a 
horseshoe magnet has two poles, the cross section of the 
bar of which it is wade must be 74g square inches. If 
of round iron, it must be about 344 inches in diameter; 
if of square iron, it must be 24 inches each way. 

That settles the size of the iron, but not the length 
Now the length of the iron, if only one considers the 
law of the magnetic circuit, ought to be as short as it 
can possibly be made. Reflect for what purpose we 
are designing. The design of an electromaguet ix to 
be considered, as every design ought to be, with a view 
to the ultimate purpose to be served by that which you 
are designing. The present purpose is the actual stick- 
ing on of the wagnet to a heavy weight, not acting on 
another magnet ata distance, not pulling at an arma- 
ture separated from it by a thick fa yer of air ; we are 
dealing with traction in contact. he question is— 
how long a piece of iron shall we need to bend over? 
The answer is—take length enough. and no more than 
enough, to perwit of room fur winding on the necessary 
quantity of wire tocarry the current which will give the 
requisite magnetizing power. But this latter we do not 
| yet know ; it has to be calculated out by the law of the 

wagnetic circuit. That is to say. we must calculate 
| the magnetic flux and the wagnetic reluctance as best 
| we can ; then from these calculate the ampere turns of 
| eurrent ; and from this calculate the needful quantit 
of copper wire, so arriving finally at the proper lengt 
of the iron core. It is obvious, the cross section being 
given, and the value of being prescribed, that set- 
tles the whole nuwber of magnetic lines, N, that will 
go through the section. It is self-evident that length 
adds to the magnetic resistance, and, therefore, the 
longer the length is, the greater have to be the 
number of ampere turns of circulation of the current ; 
while the less the length is, the smaller need be the 
| number of ampere turns of circulation. Therefore 
you should design the electromagnet as stumpy as pos- 
sible, that is to say, make it a +tumpy arch, even as 
Joule did when he came across the same problem, and 
| arrived, by a sort of scientific instinet, at the right so- 
lution. You should have no greater length of tron 
than is necessary in order to get the windings on. Then 
you see you canpot absolutely calculate the length of 
the iron until we have an idea about the winding, and 
we must settle, therefore, provisionally about the 
windings. Take a simple ideal case. Sup we bad 
an indefinitely long, straight iron rod, and we wound 
that from end to end with a magnetizing coil. How 
thick a coil, how many ampere turns of circulation per 
inch length, will you require in order to magnetize up 
to any particular degree? It is a matter of very simple 
ealeulation. You car caleulate exactly what the mag- 
netic reluctance of an inch length of the core will be. 
For example, if you are going to magnetize ap to 16,- 
000 lines per square centimeter, the rmeabitity will 
be 320. You can take the area anything you like, and 
consider the length of one inch ; you can therefore eal- 
culate the magnetic reluctance per inch of conductor, 
and then you can at once say how many am turns 
per inch would be necessary inooderte give the desired 
indication of 16,000 magnetic lines to the square centi- 
meter. And knowing the of wire, 
}and how it heats up when t is a current, and 
| knowing also how much heat yoa can get rid of 
square inch of surface, it is a very simple matter to 
calculate what minimum thiekness of copper the fire 
| insurance companies would allow you to use. They 
would not allow you to have too thin a copper 
because if you provide an insufficient thickness of 
per, you still must drive your amperes 
get a sufficient number of ampere turns per 
length ; and if you drive those amperes 








% 








$2583 


TABLE VIL—JOULE’S RESULTS RECALCULATED. 














comes greater than the square of the mean value, and : Section. Load. Ibs. per kilos. per Ratio of 
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the average of B would lead you to suppose. If the { No.3...) 30 ons 209 0 07 1095 73s 13400 339 < 
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per winding of an insufficient thickness the co »per dealing with a given material, say hard steel, the| many ampere turnsof circulation of curreut will be 


wire will overheat, and your insurance policy will be 
revoked. You therefore are compelled, by the practical 
consideration of not overheating, to provide a certain 
thickness of copper wire winding. I have made a 
rough calculation for certain cases, and I find that for 
such electromagnets as one may ordinarily deal with, it 
is not necessary in any case of practical work to use a 
copper wire winding the total thickness of which is 
greater than about half an inch ; and, asa matter of 
fact, if you use as much as balf an inch, you need not 
then wind the coil ali along, for if you will ase copper 
wire winding, no matter what the size, whether thin or 


weight is proportional to the volume, and the cube 
root of the volame is something yy to the 
length, and the square of the cube root forras some- 


thing proportional to the square of the length, that is | 
| to say, to something of the nature of a surface. What} 


Ans.--Load (on two poles) = 43 97 Ib. 
Ampere turns needed = 372°5 


N. B.—In this calculation it is assumed that the 


surface? Of course the polar surface. This complex | contact surface between armature oe pao is per- 
r 


rule, when thus analyzed, turns out to be merely a/ fect. 


It never is; the joint offers additi esistance 


mathematician’s expression of the facet that the pall to the magnetic lines, and there will be some leakage. 


for a given material magnetized in a given way is pro- 

rtional to the area of the polar surface ; a law which 
in its simple form Joule seems to have arrived at natu- 
rally, and which in this extraordinarily academic form 


thick, so that the total thickness of copper outside the | was arrived at by comparing the weights of ee 
You will find 


iron is half an inch, you can, without overheating, using 
good wrought iron, make one inch of winding do for 
20 inches length of iron. That is to say, you do not 
really want more than ,, of an inch of thickness of 
copper outside the iron to magnetize up to the pre- 
seri degree of saturation that indefinitely long 
piece of which we are thinking, without overheating 
the outside surface in such a way as to violate the in- 
surance rules. Take it roughly, if you wind toa thick- 
ness of half an inch, the inch length of copper will 
magnetize 20 inches length of iron up to the point 
where B equals 16,000. If then we have a bar bent into 
a sort of horseshoe in order to make it stick on toa 
perfectly fitting armature, also of equal section and 
quality, we really do not want more than one ineh 
along the inner curve for every 20 inches of iron. An 
extremely stumpy magnet, such as I have sketched in 
Fig. 23, will therefore do, if one can only get the iron 


——— 














with the weight which they would lift. 

it stated in many books that a good magnet will lift 
twenty times its own weight. There never was a more 
fallacious rule written. It is perfectly true that a good 
steel horseshoe magnet weighing 1 lb. ought to be able 
to pull with a pall of 20 |b. on a properly shaped arma- 
ture. But it does not follow that a maguet which 
weighs 2 lb. will be able to pull with a force of 40 lb. 
It ought not to, because a magnet that weighs 2 Ib. has 
not poles twice as big if it is the same shape. In order 
to have poles twice as big you must remember that 
three-halfth root coming in. If you take a magnet 
that weighs eight times as mach, it will have twice the 
linear dimensions and four times the surface; and with 
four times the surface in a magnet of the same form, 
similarly magnetized, you will have four times the 
pull. With a magnet eight times as big you will have 
jonly four times the pall. The pull, when other 
things are equal, goes by surface, and not by weight, 
and therefore it is ridiculous to give a rule saying how 
many times ite own weight a magnet will pull. It is 
also narrated as a very extraordinary thing that Sir 
Issac Newton had a magnet, a loadstone, which he 
wore in asignet ring, which would lift 234 times its 
own weight. I have had an electromagnet which 
would lift 2,500 times its own weight, but then it was a 
very small one, and did not weigh more than a grain 
and a half. When you come to small things, of course 
the surface is large proportionally to the weight. The 
smaller you go, the larger becomes that disproportion. 
This all shows that the old law of traction in that form 
was practically valueless, and did not guide you to 
anything at all, whereas the law of traction as stated 
by Maxwell, and explained further by the law of the 





Fie. 33.—STUMPY ELECTROMAGNET. 


sufficiently homogeneous throughout. 
crowding the wire near the polar parts, we could wind 
entirely all round the curved part, though the layer 
of cop 
the arch, it would be much less outside. Such a wagnet, 
provided the armature fitted with perfect accuracy to 
the polar surfaces, and provided a battery were ar- 
ranged to send the requisite number of amperes of 
current through the ealla, would pull with a force of 
one ton, the iron being but 34¢ inches in diameter. | 
For my own part, in this case, | should prefer not to | 
use round iron, one of square or rectangular section be- | 
ing more convenient; but the round iron would take 
leas copper in winding, as each turn would be of mini- 
mum length if the section were circular. 

Now, this sort of calculation requires to be greatly 
modified directly one begins to deal with any other 
case, A stumpy, short magnetie cireuit with great 
cross section is clearly the right thing for the greatest 
traction. You will get the given magnetization and 
traction with the least amount of magnetizing force 
when you have the area as great as possible and the 
length as small as possible. You will kindly note that 
I have given you as yet no proofs for the practical 
rules that I have been using; they must come later. 
Also I bave said nothing about the size of the wire, 
whether thick or thin. hat does not in the least mat- 
ter; for the ampere turns of magnetizing power can be 
made up in any desired way. Suppose we want on 
any wagnet one hundred ampere turns of magnetizing 
power, and we choose to employ a thin wire that will 
only carry half an ampere, then we must wind 200 turns 
of that thin wire. Or, suppose we choose to wind it 
with athick wire that will carry ten amperes, then we 
shall want only ten turns of that wire. The same 
weight of copper, heated up by the ange pen cur- 
rent to an equal degree of tewperature, will have equal 
magnetizing power when wound on the same core. 
But the rules about winding the copper will be con- 
sidered later. 

Now if you look in the text books that have been 
written on magnetism for information about the so- 
called lifting power or portative force of magnets, you 
will find that from the time of Bernouilli downward, 
the law of portative force has claimed the attention of 
experimenters, whe one after another have tried to 
give the law of portative force in terms of the weight 
of the magnets ; usually dealing with permanent mag- 
nets, not electromagnets. Bernouilli gave a rule some- | 
thing of the following kind, which is commonly known 


as Hacker's rule: ; 
P=a\/W 


where W is the weight of the magnet, P the greatest 
load it will sustain, and a a constant depending on the 
units of weight chosen, on the quality of the steel and 
on its goodness of magnetization. If the weights are 
in pounds then ais found, for the best steels, to vary 
from 18 to 4in magnets of horseshoe shape. This ex- 
pression is equivalent to saying that the power which 
&@ magnet can exert—he was dealing with steel mag- | 
nets ; there were no electromagnets in Bernouilli's time 

—is equal to some constant multiplied by the three-| 
halfth root of the weight of the magnet itself. The/ 
rule is accurate onry if you are dealing with a number | 
of magnets all of the same geometrical form, all horse- 

shoes let us say, of the same general shape, made from 

the same sort of ateel, similarly magnetized. In for-| 


mer years I pondered much on Hacker's rale, wonder- 
ing how onearth the three-halfth root of the weight 
eould have anything to do with the magnetic pull ; 
and having cudgeled my brains for a considerable 
time, I saw that there was really a very “st mwean- | 
ing in it. What I arrived at was this: 


f you are 


magnetic circuit, proves a wost useful rule 

From this digression let us return to the law of the 
magnetic circuit. I gave you in wy first lecture, when 
speaking of permeability, the following rule for calcu- 
lating the magnetic permeability. B was found in the 
following way: Take the pull in pounds, and the 
area of cross section in square inches, divide one by 


then multiplying by 1,317 gives B; or multiplied by 8.404 
gives We have, therefore, a means of stepping from 


per square inch. Now the other rule of the magnetic 
circuit also enables us to get from the ampere turns 
down to B,, for on page 12463 we have the following 
expression for the ampere turns 
r 
Si=-Nx x 03133 


2 A’“ 


| 
| 


| fibers to contraction; . . 


| It will be shown later how to estimate these effects, 
and to allow for them in the calculations. 
(To be continued.) 








MEDICO-GYMNASTICS. 
By Jakos Bours, M.G., New York. 


THE effects of bodily exercise upon the functions of 
the abdominal! organs in health called quite early the 
attention of the medical profession fo the probability of 
arriving at some beneficial results by treating them by 
movements and manipulations when in diseased condi- 
tion. But it seems as if the importance of medico- 
—— in diseases of the alimentary canal has not 

n fully appreciated, while massage of the abdomen 
has become a fad, which threatens more and more to 
become an intolerable nuisance, for great stress is laid 
upon this means in a number of diseases where it still 
remains for the conscientious observer to notice a sin- 
eas of severe character or long duration which has 

n carried through toa permanent cure. The pre- 
vailing practice, for instance, of prescribing “* rubbing ” 
as an excellent means against constipation with slow 
or deficient peristalsis seems so doubtful; to say the 
least, that there is danger that this practice alone will 
tend to degrade massage, a therapeutic agent of great- 
est value when judicously employed, to the level of 
those much bragged of panaceas fit for hardly anything 
wore than to bring money into the pockets of the 
** patentee.” It is evident that the largest part of the 
alimentary canal, being easily accessible to the wanipu- 
| lations of the masseur, must be influenced accordingly. 
| But the question paturaliy arises whether or not this 
influence always is for the better, and, if this question 
| be answered in the affirmative, whether it is strong 
| enough to carry the case through to a permanent cure 
| or necessarily must stop at temporary relief only. 
We know and understand easily the value of massa 
| in removing persistent fecal occlusions in the bowels, 
especially at the c#cum and the sigmoid flexure, even 
when other means have failed to bring about an eva- 
cuation ; but removing a lump of feces is a purely me- 
chanical procedure employed against a symptom only, 
pot against the disease itself, whether this consists of 
atony of the muscular coats, or in a decreased secre- 
tion, or in something else, whatever it may be. Some 





If instead of the other, and take the square root of ti - | 
e other, and take ~~ the quotient | en, with well known names as practical masseurs, 


claim that massage not only pushes the intestinal con- 
tents forward toward the rectum and increases the se- 


winding would be balf an inch thick inside ine - : . 
r winding < c de the pull per square inch to B,, or from B, to the pull! cretion of the parts manipulated, but that it also stimu- 


lates the bowels to more active peristaltic movement. 
For instance, Graham says :* ‘** Massage improves the 
circulation, and pushes along the contents of the acces- 
sible portions of the stomach and intestines at the 
same time, besides directly stimulating the muscular 
.” with this expression 


| plainly having in mind a peristaltic contraction. To 


eibmayr the case seems so clear that it needs no proof 


and N. the whole number of magnetic lines in the beyond the well known fact of more regular evacua- 


magnetic circuit, is equal to B, multiplied by A’, or 


N = B.A’ 


From these we can deduce a simple direct expression, 
provided we assume the quality of iron as = ey and 
also assume that there is no magnetic leakage, and 
that the area of cross section is the same all around 
the cirenit, in the armature as well as in the magnet 
core. So that 7 is simply the mean total path of the 
magnetic lines around the closed magnetic circuit. We 
may then write Br 
Si=— x 03138 
“b 


whence 
uxXSe¢ 


FX Q8183 
But by the law of traction, as stated above, 
P (ibs.) 
A (sq. in.) 


Equating together these two values of B., and solving, 
we get for the requisite number of ampere turns of cir- 
culation of exciting currents : 


r on 
Si= 2661 x — x4/ P (ibs) 
“ A (sq. in.) 


B. = sie 


This, put into words, amounts to the following rule for 
calculating the amount of exciting power that is re- 
uired for an electromagnet pulling at its armature, in 


tions for the time being, and his somewhat noncha- 
lant assertion that ‘‘ Die peristaltische Bewegung der 
Darme wird eine regere.” + 


| A priori we way expect the intestinal musculature to 


contract under massage just as any other muscle under 
a mechanical stimulus, which expectation is also proved 
to be beyond doubt; but the experiments of Nothna- 
gelt show us plainly that the contracting effect is ex- 
clusively local and cannot be compared with proper 
peristaltic contractions. And, evenif such were the 
case, it is unreasonable to expect too much of this “ ex- 
ercise” of the involuntary muscles, and to maintain 
that they thereby regain such vigor as afterward, 
spontaneously, to perform their work without the nor- 
mal stimulus of a strong “ Bauchpresse,” which is just 
the thing lacking in most cases of constipation, the 
abdominal walls being weakened by sedentary habits, 
pregnancy, ete., while the superficial respiration, 
natural in-eases of long standing, at least, makes the 
movements of the diaphragm much less extensive. 





And no one claims, I suppose, to be able to increase 
the respiratory power or to strengthen the abdowinal 
voluntary muscles to any extent by only “ Bauseh- 


massage.” For this purpose exercise—movement—is 
necessary. But exercise is often prescribed without 


any advice whatsoever being given as to the kind of 
exercise most suitable for the individual case, and when 
the question is raised as to the kinds of exercise, walk- 








the case where there is a closed magnetic circuit with | 
no leakage of magnetic lines. Take the square root | 
of the pounds per square inch; multiply this by the) 
mean total length (in inches) all round the iron circuit; | 


| divide by the permeability (which must be calculated 
| from the pounds per square inch by help of Table VI. 


J 


ing and horseback riding are the only ones taken into 
consideration. Horseback riding will prove ample in 
most cases, 1 think, but for many it is too severe 
and cannot be endured; while in regard to walking 
—i.e., the common, everyday, go-easy walking—the 
direct effect is comparatively small, though it, of 
course, is of great value as strengthening the whole 
system. 

When in the following lines recommending a few 
movements used by medico-gymnasts to the con- 
sideration of the practitioner, it is perhaps not out of 
the way to emphasize that not one of them must be 


and Table IL); and finally multiply by 2,661; the num- | even thought of as a specific, but combined in a certain 


ber so obtained will be the number of ampere turns. 


way they are intended to remove the causes of obstruc- 


One goes then at once from the pull per square inch to} tion, if any there be, to stimulate the respiration, to 


the namber of ampere turns required to produce that 
pull in a magnet of given length and of the prescribed 
quality. In the case where the pui! is specified in kilo- 


| grammes, the area of section in square centimeters, 


and the length in centimeters, the formula becomes 


z ted 
si=—s051.— a/ P 
a“ Vt 


As an example, take a magnet core of round annealed 
wrought iron, half an inch in diameter, 8 inches, bent 
to horseshoe shape. As an armature, another piece, 4 
inches long, bent to meet the former. Let us agree 
to magnetize the iron up to the pitch of pulling with 
112 Ib. to the square inch. Reference to Table VI. 
shows that B, wil! be about 90,000, and Table IL. shows 
that in that case # will be about 907. 
calculate what load the magnet will carry, and how 


improve the circulation in general, but especially in the 
vena-porta system, and to create a strong and healthy 
*“Bauchpresse.” The combination of the movements 
depends, as well as the movements themselves, on the 
particular needs of the case at hand, and can, of course, 
not be eves touched upon in a short article, so that 
the programme below is not to be followed as a pre- 
scription, buat | looked upon asap exauiple to elu- 
cidate the general mode of procedure in this method of 
treating constipation. 

1. In Fig. i the patient is represented as kneeling 
ona bench, his pelvis fixed by thesupport of the gym- 
nast’s Knee on his sacrum, his arms stretched upward 


7 A Practical Treatise on Maseage, ete.. p. 14. New York: Wm. 
Wood & Co. 184. 
+ Die Massage und ihre Verwerthung, etc. p. &. Leipzig und Wien, 








From these data | jase. 


¢ Beitrage zur Physiologie und Pathologie des Darmes. Berlin, 1834. 
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and grasped by the gymnast around the wrists, thas | 


by the traction on the pectorals and the expansion of 
the chest gaining a second support for the abdominal 


to increase the movements of the diaphragm but also 
to decrease the blood pressure in the extra- pulmonary 
of the thoracic cavity,* whereby the venous 


the center of gravity toward or from the point of at- 
tachment of the active force, for instance by letting 
the t rest bis hands successively on the hips, be- 


parts 
muscles,the two ends of which now are tolerably firm. If blood of the abdomen—where the circulation is slug- | h the neck, or keeping them stretched upward in 


the gymnast now execute a slow, steady traction back- 
ward, regulating his strength according to that of the 
tient, who resists as wuch as he comfortably can | 

jo without interfering with the respiration, when he | 














comes to the position denoted in Fig. 2 it is plain that 
he thereby brings the abdominal muscles into play, 


not only exercising thew, but also by their pressing on | 


the intestines causing them to do part of the work 
done by his hand in massage, and finally accelerating 
the circulation in the abdominal tract. The operator 


brings the patient back to his original position and | standing with support for the arms against the wall, | to the cecum. 





gish—will be, so to say, sucked up toward the heart, 


relieving the passive stasis of that part. The effect of | 5. As the second part of this group ma 


the vibration is not satisfactorily explained, but it has 
been empirically noticed to bea valuable help in stima- | 





lating the respiration. In a movement of this kind at- 
tention should be d to the necessity of waking the 
respiration powerful and deep, without special Gort. 
resembling dyspneic respiration, which never fails to 
exhaust the patient. | 
3. Fig. 5 represents sacral percussion. 





The patient, | 


the axis of the trunk. 
very well be 
applied the ‘‘ Bauchmassage” proper, for which the 
patient takes a position in which the muscles are tho- 
—. relaxed, 7“ Fig. The procedure of ab- 
om massage ng dwelt upon at length in all 
handbooks on there i a reason to take 
time and space for a description here; but it ought 
perhaps to be remarked that the way of kneading the 


colon, as generally recommended in man viz., com- 
mencing at the cecum and following the 
ra 
r 
YA? 
Ss } ‘ 
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Fre. >. 


transverse, and descending parts successively, must 
certainly not be used in cases of long standing where 
there are considerable accumulations of hard fecal mat- 
ters with wore or less dilatation. More can be gained 
by commencing the manipulation as far down in the 
left iliac fossa as possible, and slowly passing upward 
It is evident that the usual way, if ew- 


repeats the wovement three to six times with a mo-/| and the feet a little parted, leans forward, so that the | ployed in these cases, only tends to make things worse, 


ment’s intermission. 


If there be very strong relaxation of the abdominal | tense. The gymnast, with one hand supporting the 














muscles, it will be found more effective to reverse the 
movement, so that the patient bends backward to the 
arching position of Pig. 2, and from there rises to the 
erect position of Fig. 1, under resistance from the 
gy wonast. 








musculature of the abdominal region will be somewhat 
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abdomen, executes with his clenched fist quick knock- 
ing or percussion over the scarum during a couple of 
minutes, with the idea of thereby stimulating the ner- | 
vous centers supplying the pelvic viscera in general, | 
and more specially acting upon the rectum aud the 


while this latter way offers opportunity to press the 
hardened substances forward in their natural course. 
6. Fig. 8 shows the patient sitting in a comfortable 
ition, totally passive, and the gymuast circumduct- 

ng the thighs alternately outward and inward in large 
circles six to eight times, which is repeated in each 





tic 8 


direction two to five times. If very large circles are 
used we may expect the movement to have some direct 
effect on the abdomen on account of the pressure 
effected at each upward turn, but it is mostly intend- 
ed to improve the circulation of the lower extremities. 


2 In Fig. 3 the patient stands between two poles, or bladder by means of the sacral and pelvic plexuses. |The large veins being attached to the fascia, every 


in a doorway, with the upper arms horizontally side- 
ward, the forearms and bands stretched upward, rest- 
ing on the poles. The gymnast stands in front with 


This manipulation is by many looked upon as invalu- 
able in severe cases of piles. | 
The part of the programme pow gone through con- 


movement of the hip joint will alternately increase 
and decrease the lamen of these vessels, acting conse- 
quently az a suction puwp,* which of course will be of 


his hands between the scapula. While the patient sists of one strong active movement, one very much value for people of sedentary habits with their gen- 
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Fic. 3 


rises to tiptoes at the moment of inspiration, the gym- 


nast pulls the thoracic walls slightly forward, letting | turns to his first position, repeating this three to six 


the hands slide along the ribs and executing quick vi- 
brations till the position at the end of the inspiration 
is asin Fig. 4. Daring the exhalation the patient sinks 
down on his heels, while the gymnast relaxes his hold, 
and brings the hands back to their original piace. Re- 
peated five to fifteen times, this movewent is intended 
to intensify the respiration, and by so doing not only 


milder, and one manipulation, and I generally forma 
programme from such groups of two or three move 
ments, which I have follow each other without any | 
pause, but after which I insist upon at least five min- | 
utes’ rest, either on the sofa or for stronger patients | 
in walking. 

as a second group the following three might be 
used : 

4. The patient lies on the bench, and while his legs 
are fixed by the gymnastas in Fig. 6, he tries wo elevate 
the body to a sitting position, or rather to an angle of 








Fic. 6. 


about sixty degrees, from which he again slowly re- 


times. The lower extremities being fixed as before 
said, and the thoracic walls by the effort, the abdowi- 
nal muscles will be called to strong action, more espe- 
cially perhaps the recti. A moderation of the work 
performed may, of course, easily be effected by moving 








erally sluggish peripheral circulation. 

Here comes in another period of rest. 

7. The patient kneels on the bench. . The gymnast, 
standing behind, takes hold under the armpits and 
allows the patient to fall forward to some extent while 
giving a pressing support to the patient’s pelvis with 





his knee on the sacrum, and executes thereafter an 
oscillating movement of the trunk by waking alternat- 
ing sudden tractions on his shoulders. The movement, 
which, tho in itself passive, is very tiresome on 
account of position, cannot be repeated more than 
a few times, and must be carefully executed, especially 











®Hartelius : Larobok i ejukgymnastik, p. 205. Stockholm, 1988. 
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in fewales. It must never be used in cases of hernia, 
prolap-us uteri, or uterine displacement 

8 After this a respiratory movement is to be recom 
mended in order to regulate the circulation, which 
perhaps has suffered by the preceding, and “arm cir 
eumduetion under toe heaving” seems to be suitable 
The gymnast standing behind the patient makes the 
cireum@du ction forward, apward, outward, downward, 
trying to bring the arws as far back as possible in 





‘ie 





sinking. The patient rises on tiptoes when the arms 
are brought forward and apward, and sinks down again 
when the arms are brought back. Care must be taken 
to do the mwovement according to the natural rhythm 
of respiration, ¢ « , the arms to be elevated during the 
inhalation, and ¢ice versa 

These movements, or substitutes for them. for the 
execution of which about fortv-five minutes to an 
hour are required, will be enough in the majority of 
cases 

For very strong persons several groups may be 
wided, containing different forms of trunk bending 
twistings, and circumduetions as active movements 
and a great variety of passive wovements and mani 
pulations. But we must always bear in mind the 
wollen rule, rather do too little than too much, as 
nothing is gained by exhausting the patient 

When piles have their origin in constipation they 
disappear with the cause, and the weans employed 
for the relief of the constipation is, therefore, in 
directly, also in piles. When hemorrhoids are the 
result of pregnancy or tamors in the pelvis, they prob 
ably very seldom, if ever, come under the hands of the 
masseur or medico-gymuast. But when the source is 
found in pulmonary or cardiac diseases they must, of 
course, not be overlooked as a symptom of the derang 
ed circulation, and must be healed accordingly The 
stagnation in the abdomen must then be relieved by 
movements (both active and passive as far as the 
general condition will allow) and massage of the lower 
extremities, which then also tend to relieve another 
symptom in these cases—the cold feet. Respiratory 
movements of many forms are of great value as im 
proving the general circulation, while local massage. 
consisting wostly of strokings and pressings on and 
about the piles, are recommended by many, & g 
Hartelius*® and Nebel + 

Most gratifying results are often obtained in cases of 
prolapsus ani, and | have found the preseription of 
Brandt to be an excellent one. He gives the patient 
first the sacrum percussion, already described in con 
nection with constipation, after which he uses his 
“lifting of the S. romanum,” which he describes as 
follows :! 

* The position of the patient is the common * crook 
half-lving’ (see Fig. 7) The gymnast places himself 
on the right side of the patient With his left hand 
over the shoulder and under the axilla of the patient 
he tries, with his right hand on the abdominal wal! 
over the patient's left groin, easily and carefully to 
push them downward and inward toward the inner 
side of the os iliam and there with a fine vibration to 
come under the first curvature of the S. romanum 
The movement is then execated toward the back of 
the patient and toward the gyimnast’s own left hand 
If correetiy executed, the patient will plainly notice a 
pulling in sensation of the reetam. The movement is 
repeated three to four times.” 

In aidition to these movements of a more loeal im 
portance, the programme sbould contain such as will 
have a strengthening effect on the wusculature of the 
whole lower part, especially the levator ani, besides 
movements of a more general character 

From what is said above about constipation, it is 
evident that the treatment recommended for this 
trouble also must be of value in dilatation of the 
bowels, as the whole treatment, as laid down above, is 
based upon efforts to cause the involuntary muscles to 
contract.— Medical Record 


DR. KOCH ON TUBERCULOSIS 


\ SUPPLEMENT to the British Medical Journal cou 
tains *'A Further Communication on a Remedy for 
Tuberculosis,” translated from the original article pab 
lished in the Dentsche Medizinische Wochenschrift, 
November 14, by Prof. Dr. Robert Koch, Berlin, as 
follows : 

: INTRODUCTION. 


In an address delivere before the International 
Medical Congress I mentioned a remedy which econ 
ferred on the anima experimented on an immanity 
against inoculation with the tubercle bacillus, and 


* Op, cit., p. 27 

t “ Bewegungskuren mittelst schwediecher Heilzymuastik ond Mas 
eure.” p. B80. Wiesbaden, Is8p, 

t “ Gymoastiken s#eom bote wede! mot yviniiga underlifeejukdomar, 
p WO. Stockholm, Iss. 
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which arrests tuberealous disease. Ilnovestigations 
have now been carried out on baman patients, and 
these form the -ubject of the following observations. 

It was originally my intention to complete the re- 
search, and especially to gain sufficient experience re- 
garding the application of the remedy in practice and 
its production on a large scale, before pablishing any- 
thing on the subject. Bat in spite of all precautions 
too many accounts have reached the public, and that 
in an exaggerated and distorted form, so that it seems 
imperative, in order to prevent all false impressions, 
|}to give at once a review of the position of the subject 
at the present stage of the inquiry. It is true that this 
jreview can, under these circumstances, be only brief, 
aod mast leave open many important questions 

The investigations have been carried on ander wy 
direction by Dr. A. Libbertz and Stabsarzt Dr. E. 
Pfuhl, and are still in progress. Patients were placed 
at my disposal by Prof. Brieger from his poliklinik, 
Dr. W. Levy from his private surgical clinie, Geheim- 
rath Dr. Frantzel and Oberstabsarzt Kohler from the 
Charité Hospital, and Geheimrath v. Bergwann from 
the Surgical Clinie of the University.* 


NATURE AND PHYSICAL CHARACTERS OF THE 
REMEDY 


As rewards the origin and the preparation of the 
remedy [am anable to make any statement, as wy re- 
search is not yet concluded : I reserve this for a future 
cowmunication. The remedy is a brownish transpa- 
rent liquid, which does not require special care to pre 
vent decomposition. For ase, this fluid must be more 
or less dilated, and the dilutions are liable to decompo- 
sition if prepared with distilled water: bacterial growths 
soon develop in them, they become turbid, and are then 
unfit for ase. To prevent this the diluted liquid must 
be sterilized by heat and preserved under a cotton 
wool stopper, or more conveniently prepared with a 
one-half per cent. solution of phenol 





MANNER OF USING THE REMEDY. 


It would seem, however, that the effect is weakened 
both by frequent heating and by mixture with phenol 
solution, and I have therefore always made use of 
freshly prepared solations. Introduced into the sto- 
mach the remedy has no effect; in order to obtain a 
trust worthy effect, it must be injected subcutaneously. 
For this purpose we have used exclusively the small 
svrinwe sugyested by me for bacteriological work ; it 
is furnished with a small India rubber ball and has no 
piston. This syringe can easily be kept aseptie by ab 
solute aleohol, and to this we attribute the fact that 
not a single abscess has been observed in the course of 
more thau a thousand subeutaneous injections. The 
place chosen for the injection—after several trials of 
other places—was the skin of the back between the 
shoulder blades and the lumbar region, because here 
the injeetion led to the least local reaction—generally 
none at all—and was almost painless 


RFFECT OF INJKCTIONS IN HEKALTHY INDIVIDUALS 


As regards the effect of the remedy ou the human 
patient, it was clear from the beginning of the re 
search that in one very important point the buman 
being reacts to the remedy differently from the animal 
generally used in experiments—the guinea pig ; a new 
proof for the experimenter of the all-important law that 
experiment on animals is not conclusive for the human 
being, for the human patient proved extraordinarily 
more sensitive than the guinea pig as regards the effect 
of the remedy A healthy guinea pig will bear two 
eubie centimeters and even more of the liquid injected 
subcutaneously without being sensibly affected. But 
in the case of a full grown healthy man 0°35 cubic cen 
timeter suffices to produce an intense effect. Caleu 
lated by body weight, the 1.500th part of the quantity 
which has no appreciable effect on the guinea pig acts 
powerfully on the human being. The symptows 
arising from an injection of 0% ecubie centimeter I 
have observed after an injection madein my Own up- 
perarm They were briefly as follows: Three to four 
hours after the injection there came on pains in the 
limbs, fatigue, inelination to cough, difficulty in 
breathing, which speedily inereased. In the fifth 
hour an unusually violent attack of ague followed, 
whieh lasted almost an hoar. At the same time there 
was sickness, vomiting, and rise of body temperature 
upto 396°C. After twelve hours all these symptoms 
abated. The temperature fell, until next day it was 
normal, and a feeling of fatigue and pain in the limbs 
continued for a few days, and for exactly the same pe 
riod of time the site of injection remained slightly 
painfal and red. The lowest limit of the effect of the 
remedy for a healthy human being is about 0°01 cubie 
centimeter (equal to 1 eubie centimeter of the hun- 
dredth solution), as has been proved by numerous ex 
periments. When this dose was used, reaction in most 
people showed itself only by slight pains in the limbs 
and transient fatigue. A few showed a slight rise of 
temperature ur: to about 38°C. Although the dorage 
ofthe remedy shoWs a great difference between ani 
mals and hnman beings—calculated by body weight— 
in some other qualities there is mach similarity be- 
tween them. The most important of these qualities is 
the specific action of the remedy on tubereulous pro 
cesses of whatever kind 


THR SPRCIFIC ACTION ON TUBRRCULOUS PROCKsSSKs. 


| will not here describe this action as regards ani- 


wals used for experiment, but | will at once turn to its) 


extraordinary action on tuberculous human beings. 
The healthy human being reacts either not at all or 
scarcely at all—as we have seen when 0:01 cubic centi- 
meter is used. The same holds good with regard to 
patients suffering from diseases other than tuberceu- 
losis, as repeated experiments have proved 
ease is very different when the disease is taberculosis; 
the same dose of 001 cabie centimeter injected subeu- 
taneously into the tuberculous patient caused a severe 
general reaction, as well as a local one. (I gave child 


rep, aged from 2 to 5 years, one-tenth of this dose— | 


that is to say, (00l cubic centimeter; very delicate 
children, only 00005 cubic centimeter, and obtained 





* De. Koeh here expressed his thanks to these gentiemen 
+ Doctors wishing to make investigations with the remedy at nt 
can obtain ut from Dr. A. Libberta, Luenebarger Strasse 28, Berlin, N. W., 
who has undertaken the preparation of the remedy, with my own and Dr, 
Pfuhi's co-operation. But | mast remark that the quantity prepared at 
' present is bat small, and that larger quantities will not be obtainable for 
some weeks. 


Bat the | 





a powerful bat in no way rous reaction.) The 
general reaction consists in an attack of fever, which 
generally begins with rigors, raises the temperatare 
above 89°, often up to 40°. and ever 41° C.; this is ac- 
companied by n in the limbs, coughing, great fa- 
tigue, often sickness and vomiting. Ip severa! cases a 
slight ieteric discoloration was observed, and occasion- 
ally an eraption like measles on the chest and neck. 
The attack usually begins four or five hours after the 
injection, and lasts from twelve to fifteen hours. Oc- 
casionally it begius later, and then runs its course with 
less inteusity. The patients are very little affected by 
the attack, and as soon as it is over feel comparatively 
well, generally better than before it. The local reac- 
tion can be best observed in cases where the tabercu- 
lous affection is visible ; for instance, in cases of lupus 
—here changes take place which show the specific anti 
tubereulous action of the remedy to a most surprising 
degree. A few hours afteran injection iuto the skin 
of the back—that is, in a spot far removed from the 
diseased spots on the face, ete.—the lupus spots begin 
to swell and to redden, and this they generally do be- 
fore the initial rigor During the fever, swelling and 
redness increased, and may finally reach a higher de- 
gree, so that the lupus tissue becomes brownish and 
necrotic in places. here the lupus was sharply de- 
| fined we sometimes found a much swollen and brown- 
ish spot surrounded by a whitish edge almost a centi 
meter wide, which again was surrounded by a broad 
band of bright red. 

After the subsidence of the fever the swelling of the 
jlupus tissue decreases gradually, and disappears in 
about two or three days. The lupus spots themselves 
‘are then covered by a crust of serum, which filters out- 
ward, and dries in the air; they change tocrusts, which 
fall off after two or three weeks, and which, some- 
times after one injection only, leave a clean red cica- 
trix behind. Generally, however, several injections 
are required for the complete removal of the lupus 
tissue. But of this more later on. I wast mention, as 
a point of special importance, that the changes de- 
seribed are exactly confined to the parts of the skin 
affected with lapus. Even the smaliest nodules, and 
those most deeply hidden in the lapus tissue, go 
through the process, and become visible in conse- 
quence of the swelling and change of color, while the 
tissue itself, in which the lupus changes have entirely 
ceased, remains unchanged. The observation of a 
lupus case treated by the remedy is so instructive, and 
is necessarily so convincing, that those who wish to 
make atrial of the remedy should, if at ail possible, 
begin with a case of lupus. 


THK LOCAL AND GENERAL REACTION TO THE 
REMEDY. 

The specific action of the remedy in these cases is 
less striking, but is perceptible to eye and touch, as 
are the local reactions in cases of tuberculosis of the 
glands, bones, joints, ete. In these cases swellings, in- 
creased sensibility, and redness of the superficial parts 
are observed. The reaction of the internal organs, 
especially of the lungs, is not at once apparent, unless 
the increased cough and expectoration of consumptive 
patients after the first injection be considered as point- 
ing to a local reaction. In these cases the general re- 
action is dominant; nevertheless, we are justified in 
assuming that here, too, changes take place similar to 
those seeao in lupus cases. 


THK DIAGNOSTIC VALUE OF THE METHOD 


The symptoms of reaction above described occurred 
without exception in all eases where a tuberculous pro- 
cess was present in the organism, after a dose of 001 
cubic centimeter, and I think I am justified in saying 
that the remedy will, therefore, in future, form an in- 
dispensable aid to diagnosis. By its aid we shall be 
able to diagnose doubtful cases of phthisis; for in- 
stance, cases in which it impossible to obtain certainty 
as to the nature of the disease by the discovery of bacilli, 
or elastic fibers, in the sputum, or by physical examin- 
ation. Affections of the glands, latent tuberculosis of 
bone, doubtful cases of tuberculosis of the skin, and 
such like cases, will be easily and with certainty recog- 
nized. In cases of tuberculosis of the lungs or joints 
which have become apparently cured, we shall be able 
to make sure whether the disease has really finished 
its course, and whether there be pot still some dis- 
ease spots from which it might again arise as a flame 
from a spark hidden by ashes. 

THE CURATIVE EFFECT OF THE REMEDY. 

Of much greater importance, however, than its dia- 
gnostic use is the therapeutic effect of the remedy. in 
the deseription of the changes which a sabcutaneous 
injection of the remedy produces in portions of skin 
changed by lupus I mentioned that after the subsidence 
of the swelling and decrease of redness the lupus tissue 
does pot return to its original condition, but that it is 
destroyed to a greater or less extent, and disappears 
Observation shows that in some parts this resalt is 
brought about by the diseased tissue becoming pecro- 


| tie, even after one sufficient injection, and, at a later 


stage, it is thrown off as a dead mass. In other parts, 
a disappearance or. as it were, a melting of the tissues 
seems to occur, and in such case the injection mast be 
repeated to complete the cure. 


ITs ACTION ON TUBERCULOUS TISSUE. 


In what way this process oceurs cannot as yet be said 
with certainty, as the necessary histological investiga- 
tions are not complete. But so wuch is certain, that 
there is no question of a destruction of the tubercle 
bacilli in the tissues, but only that the tissue ineclosing 
the tubercle bacilli is affected by the remedy. Beyond 
this, there is, as is shown by the visible swelling and 
redness, considerable disturbance of the circulation, 
and, evidently isn connection therewith, deeply seated 
changes in its nutrition, which cause the tissue to die 
off more or less quickly and deeply, according to the 
extent of the action of the remedy. 

To recapitulate, the remedy does not kill the tuber- 
ele bacilli, but the tuberculous tissue ; and this gives 
us paper ya definitely the limit that bounds the ac- 
|tion of remedy. It can only influence living tu- 
| bereulous tissne ; it has no effect on dead tissue, as, for 
| instance, necrotic ¥ masses, necrotic bones, etc., 
nor has it any effect on tissue made necrotic by the 
remedy itself. In such masses of dead tissue living 
tube: bacilli may possibly still be present, and are 
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either thrown off with the necrosed tissue or may pos- | suppose that phthisis in the beginning can be cured 
sibly enter the neighboring still living tissue ander) with certainty by this remedy.* 


certain circumstances. If the therapeutic activity of | 


the remedy is to be rendered as fruitful as possible, this 
peculiarity in its mode of action must be carefully ob- 
served. In the first instance, the living tuberculous 
tissue must be caused to andergo necrosis, and then 
everything must be done to remove the dead tissue as 


soon as possible, as, for instance, by surgical inter- | 


ference. Where this is not possible. and the organism 
ean only help itself in throwing off the tissue siowly, 
the endangered living tissue must be protected from 
fresh incursions of the parasites by continuous appli- 
eation of the remedy. 


THE DOSE. 


The fact that the remedy makes tuberculous tissue | 


necrotic, and acts only on living tissue, helps to ex- 
plain another peculiar characteristic thereof—nawely, 
that it can be given in rapidly increasing doses. At 
first sight this phenomenon would seem to point to the 
establishment of tolerance, but since it is foand that 
the dose can, in the course of about three weeks, be in- 
ereased to five hundred times the original amount, tol 
erance can no longer be accepted as an explanation, as 
we know of nothing analogous to such a rapid and 
complete adaptation to an extremely active remedy. 
The phenomenon must rather be explained in this way 
—that in the beginning of the treatment there is a 
good deal of tuberculous living tissue, and that conse- 
queatly a small amount of the active principle suffices 
to cause a strong reaction ; but by each injection a cer- 
tain amount of the tissae capable of reaction disap- 
pears, and then comparatively larger doses are neces- 
sary to produce the same amount of reaction as before. 
Within certain limits a certain degree of habituation 
may be perceived. 

As soon as the tuberculous patient has been treated 
with inereasing doses for so long that the poiot is 
reached when his reaction is as feeble as that of a non- 
tubereulous patient, then it may be assumed that all 
tuberculous tissue is destroyed. And then the treat- 
ment will — have to be continued by slowly increas- 
ing doses and with interruptions, in order that the | 
patient may be protected from fresh infection while 
bacilli are still present in the organism. 

Whether this conception, and the inferences that | 
follow from it, be correct, the fature must show. They 
were conclusive as far as | am concerned in determin- | 
ing the mode of treatment by the remedy, which, in | 
our investigations took the following form. | 


THE TREATMENT APPLIED TO LUPUS. 


| 
To begin with the simplest case, lupces. In nearly 
every one of these eases I injected the full dose of 0°01 | 
ecubie centimeter from the first. I then allowed the re- 
action to come to an end entirely, and then, after a 
week or two, again injected 0°01 cubic centimeter, con- 
tinuing in the same way until the reaction became 
weaker and weaker, and then ceased. In two cases of 
facial lupus the lapus spots were thus brought to com- 
plete cicatrization by three or four injections. The 
other jupus cases improved in proportion to the dura- 
tion of treatment. All these patients had been suffer- 
ers for many years, having been previously treated un- 
snecessfully by various therapeutic methods 


THE TREATMENT APPLIED TO TUBERCULOSIS OF THE 
BONES AND JOINTS. 


Glandular, bone, and joint tuberculosis were similar- 
ly treated, large doses at long intervals being wade 
use of. The result was the same as in the lupus 
cases—a speedy cure in recent and slight cases, slow 
improvement in severe cases. 


THE TREATMENT APPLIED TO PHTHISIS. 


Circumstances were somewhat different in phthisical 
patients, who constituted the largest number of our 
patients. 

Patients with decided pulmonary tuberculosis are 
much more sensitive to the remedy than those with 
surgical tuberculous affections. e were obliged to 
lower the dose for the phthisical patients, and found 
that they almost all reacted strongly to 0°002 cubic 
centimeter and even to 0001 cubic centimeter. 
From this first small dose it became possible to rise 
more or less quickly to the same amount as is well 
borne by other patients. 

Our course was generally as follows : 

An injection of 0 001 cubic centimeter was first givea 
to the phthisical patient. On this a rise of tempera- 
ture followed, the same dose being repeated once a 
day, until no reaction could be observed. We then 
rose to 002 cubie centimeter, until this was borne 
without reaction, and so on, rising by 0001, or at most 
0002, to 0°01 eubie centimeter and more. This mild) 
course seemed to me imperative in cases where there 
was great debility. By this mode of treatment the 
patient can be brought to bear large doses of the 
remedy with scareely a rise of temperature. The 
patients of greater strength were treated from the first, 
partly with larger doses, partly with rapidly repeated 
doses. 

Here it seemed that the beneficial results were more | 
quickly obtained. 

The action of the remedy in cases of phthisis gen- 
erally showed itself as follows : 

h and expectoration generally increased a little | 
after the first injection, then grew less and less, and in 
the most favorable cases entirely disappeared. The 
expectoration also lost its purulent character, and be- 
came mucous. 

Asa rule the number of bacilli only decreased when 
the expectoration began to present a mucous r- 
anee. They then from time to time disap dl 
tirely, but were again observed occasionally until ex- | 
pectoration ceased completely. Simultaneously the 
night sweats ceased, the patients’ ae im prov- 
ed, and they increased in weight. ithin four to six 
weeks patients under treatment for the first stage of 
phthisis were all free from every symptom of disease 
and might be pronounced cured. Patients with cavi- 
ties not yet too highly developed improved consider- 


ably, and were almost cured. Only in those whose assumed thst 
large cavities could no improve- , 


lungs contained man 
ment be proved objectively, though even in these 
eases the expectoration decreased, and the subjective | 
condition improved. These ex lead 


| Th 


|applied in consequence thereof. 


| floor framework was laid on 


EFFECT IN ADVANCED CASES OF PHTHISIS. 


In part this way be assumed for other cases when 
not too far advanced ; but patients with large cavities, 
who almost all suffer from complications caused, for 
instance, by the incursion of other pus-forming wmicro- 


organisms into the cavities, or by incurable pathologi- | 


eal changes in other organs, will probably only obtain 
lasting benefit from the remedy in exceptional cases. 
Even such patients, however, were benefited for a 
time. This seems to prove that, in their cases, too, the 
original tabereulous disease is influenced by the 
remedy in the same manner as in the other cases, 
but that we are unable to remove the necrotic masses 
of tissue with the secondary suppuration processes 
The thought suggests itself involuntarily that relief 
might possibly be brought to many of these severely 
afflicted patients by a combination of this new thera- 
peutic method with surgical operations (such as the 
operation for empyema), or with other curative 
methods. 
against a conventional and indiscriminate 
of the remedy in allcases of tuberculosis. 
ment will probably be quite simple in cases where the 
beginning of phthisis and simple surgical cases are 
eoncerved ; but in all other forms of tuberculosis medi- 
cal art must have full sway by careful individualiza- 
tion, and making use of al) other auxiliary methods to 
assist the action of the remedy. In many cases I bad 
the decided impression that the careful nursing be 
stowed on the patient had a considerable influence 
on the result of the treatment, and | am in favor of 
applying the remedy in proper sanatoria as opposed 
to treatment at home, and in the out-patient room. 


| How far the methods of treatment already recognized 


as curative—such as mountain climate, fresh air treat- 
ment, special diet, ete —mway be profitably combined 
with the new treatment cannot yet be definitely stat- 
ed, but I believe that these therapeutic methods will 
also be highly advantageous when combined with the 


|new treatment in many cases, especially in the con- 


valescent stage.+ The most important point to be ob- 
served in the new treatment is its early application. 
@ proper subjects for treatment are patients in the 
init stage of phthisis, for in them the curative ac 
tion can be most fully shown, and for this reason, too, 
it cannot be too seriously pointed out that practition 
ers must in futare be more than ever alive to the im 
portance of diagnosing phthisis in as early a stage as 
»ossible. Up to the present the proof of tubercie 
Dacilli in the sputum was considered more as an inter 
esting point of secondary importance, which, though 
it may render diagnosis more certain, could not help 
the patient in apy way, and which, in consequence, 
was often neglected. This I have lately repeatedly 
had oceasion to observe in numerous cases of phthisis 
which had generally gone through the hands of several 
doctors without any examination of the sputum hav- 
ing been made. Io future this must be changed. A 
doctor who shall neglect to diagnose phthisis in its 
earlier stage by all methods at his command, especially 
by examining the sputum, will be guilty of the most 
serious neglect of his patient, whose life may depend 
on this diagnosis, and the specific treatment at once 
In doubtful cases 
medical practitioners must make sure of the presence 
or absence of tuberculosis, and then only the new 
therapeutic method will become a blessing to suffering 
humanity, when all cases of tuberculosis are treated 
in their earliest stage, and we no longer meet with ne- 
glected serious cases forming an 
source of fresh infections. Finally, I would remark 
that I have purposely omitted statistical accounts and 


| descriptions of individual cases, hecause the medical 


men who farnished us with patients for our investiga- 
tions have themselves decided to publish the deserip- 
tion of their cases, and I wish my account to be as ob- 
jective as possible, leaving to them all that is purely 
personal. 


A COMFORTABLE HEN HOUSE. 


AT this season, in our climate, the matter of having 
a comfortable place in which to winter poultry is an 
all-important problem. I, therefore, present a sketch 
of my winter quarters for fowls. 

In building, my main ideas were warmth and se- 
curity, as in this section thieves are often successful in 
their raids. As economy was imperative. rough pine 
lumber was used throughout, no attention being paid 
to appearances, except in the matter of making a 
generally neat-looking job. As I had in the neighbor- 
hood of only twenty hens to winter, I concluded that 


|a roosting place twelve feet long and six feet wide 


would be large enough, that being the size of the rear 
building in the illustration, the highest northern side 
being seven feet and the other four feet in height, thas 
giving sufficient pitch to the roof and at the same time 
being large enough to admit of all the necessary work 
being done without discomfort. 

In this roosting house particular attention was given 
as to warmth. Of course, with a number of chickens 
together, the animal heat is considerable, but this is 
quickly overcome if the house is not pretty tight and 
free from drafts. My fowls are single-combed white 
Leghorns, and while they are among the hardiest of 


| the smaller breeds, yet their magnificent combs are a 


tender spot, so I took some extra precautions. The 
posts, a foot above the 
ground surface, and although a single thickness of 
inch boards for the floor was used, yet, as it will be 


perfectly dry and the outside will be warmly banked 
up. I think that it will do first rate, ly as I 
keep a layer of dry ashes, earth or sand on the floor 


under the roosts all the time. 





direction, in order to make as few cracks as 
possible, so that lice, if by chance they got a d, 
con- 


* Thi tence requires limitation in so far at present 
clusive coqubueins can questi be brought fermeed bor 
the cure i« lasting. 


And here | would earnestly warn people | 


"Phe treat. 


inextinguishable | 





| would find but little lodging room. lmmediately on 
| these boards, on the outer side, was tacked some thick, 
fresh-smelling tar paper, the edges of which were lap- 
ped enough to render it impervious to all air currents, 
the ends being left long enough to close the cracks 
where the roof boards lay on the top of the sides. 
The boards on the outside were put on perpendicu- 
lariy, running from the roof to the ground, the cracks 
being closed with battens. For the roof, inch boards 
were laid on tightly together, covered with the tar 
Ee and then shingled with medium quality shingles, 
n one end a window was placed, two sash exactly 
alike were used and placed in double, just as the boards 
were, all of the joints and cracks being made tight 
with tar paper. he door was also made double with 
tar paper between the two thicknesses of boards. The 
door frame and the door were so fitted that there was 
a lap joint of two inches all around when the door was 
closed. 
When completed, the building would have been 
nearly air-tight had it not been for the ventilator, 
which was against the back wall in the enter of the 
house. The portion of the ventilator which is seen 
above the roof in the illustration has a partition in the 





































































































































| 
i 





Fig. 1—A COMFORTABLE HEN HOUSE. 


center, as shown by the dotted line. The portion to 
the right of the partition goes down into the house 
only about four inches below the roof, thus being in 
the highest part of the house, and affording an egress 
for the impure air, which, being heated by the fowls, 
rises to the top and out through the ventilator. The 
portion to the left of the dividing line'in the ventilator 
goes down to within four inches of the floor, and sup- 
plies pure air in place of that which passes off. As the 
cold air from the outside is the heavier, it first spreads 
along the floor, gradually rising, until by the time it 
reaches the birds on the perches, two feet above the 
floor, it has become somewhat warmed. As the venti- 
lator is not large, each compartment being only an inch 
and a half square, the air cannot change rapidly enough 
to rob the house of anv great portion of the heat gene- 
rated by the fowls. Even on the coldest nights the 
temperature will not fall below freezing. 
| Before the chickens were allowed in this roosting 
| place, the inside was given a heavy coat of whitewash, 
jinto which was stirred a little carbolic acid. The 
| perches were also well soaked with kerosene oil, and, 
| although no lice were observable on tie chickens, they 
| were each given a good dusting with Persian insect 
powder. 
As before mentioned, I keep a layer of coal ashes, dry 
| earth or sand, on the floor under the perches. I prefer 
the ashes ; each day a panful is taken from the stove 
jand spread evenly over the floor. The following 
| morning, before putting on the fresh ashes, I take a 
rake and stir up the old ones and the droppings, then 
throw the new ashes over the old. This ts r d 
luntil three panfuls of ashes has been used, each time 
stirring them and the manure well together ; then the 
mixture is swept out of the house and stored in a bin 
where it will keep perfectiy dry. I calculate that in 
this way each fowi will make at least fifty cents’ worth 

| of valuable fertilizer during the winter. 4 
| The house is thus kept perfectly clean, the time re- 
|quirec being only about five minutes a day, except 
twice a week, when a quarter of an hour will be needed 
| to clean out properly. 
As the roosts do not take up much more than half 
the space, the rest is nsed as a nest room, a set of nests 
being shown at Fig. 2. It is simply a tight box about 15 





Fie. 2—A SET OF FOUR NESTS. 





|in. square and 6 ft. long, divided into four compart- 
ments. On the bottom and half way up the sides of each 
nest is fastened a piece of tar paper, and on thisa little 
| dry straw is placed. The hag J openings are the holes 
|shown in front, which keep it perfectly clean. The 
| whole thing is placed on bricks to raise it somewhat 
| from the floor. . 
| ‘The building in “s foreground of Fig. 1 is af 

| place during the winter. It is 16 ft. long, 9 ft. 

| and 4 ft. bi made of rough pine lumber, with the 
/eracks closed with tar paper or else battened, As it 
| often happens du the winter that yi 

‘about maeh, this is made v i 

of four sash, one on each side, one 
the roof); as this is the southern end of 
will thas have the benefit of all the 
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couple of times in the course of the winter. 

Dusting boxes are kept in this pa.t also, in which 
several times a week warm coal ashes are placed and 
covered with dry earth or sand; these are greatly en- 
joyed. Air-slaked lime is kept in another box, as also 
are crushed oyster shells Preah water is provided 
every day, together with a variety of foods. Under this 
care our hens have done exceedingly well, have not 
been troubled by any disease, lice or other drawback 
Gradually I expect to increase my flock and erect 
more commodious houses, but I believe that to com 
mence in a small way is the only successful method of 
getting a fair return from chickens.—Z. &. 8., Country 
Gentleman. 


ORION 


THE splendid constellation of Orion, which is just 
now beginning to adorn the early morning skies, and 
will be a conspicuous ornament of the winter evening 
heavens, has lately assumed afresh interest for astron 
omers and for all who delight in the contemplation of 
the universe. In the united splendor of ite stars Orion 
is unrivaled; the great nebula in the sword of the 
celestial hero afid the many beautifal and remarkable | 
double and multiple stars that are scattered over the | 
constellation have long been an irresistible attraction | 
to star gazers. It has also been known that Urion was/ 
remarkable for the fact that all of ite conspicuous stars, 
with one exception, show by their spectra that they | 
are alike in their physical make-up and condition. It 
has even been suggested that they ought to be put in | 
a class by themselves 

Now new light is thrown upon this matter by recent 
photographs. In the first place, it was shown that the 
nebula in the sword of Orion was far more extensive | 
than it appeared to be in drawings made with the eye | 
and telescope alone The sensitized photographie | 
plate was affected by rays of light from parts of the 
nebula too faint to be perceived by the eve. Then! 
Prof. W. H. Pickering, from the top of Mount Wilson, in | 
Southero California, with a small portrait lens, photo- 
graphed the whole constellation and discovered that it 
is enveloped in an enormous spiral nebula, no less than 
15° in diameter! The old nebula in the sword is simply 
a brighter patch in that stapendous system. All the 
appearances indicate that the thousands of stars 
sprinkled over that region are connected with the 
nebula ; have, so to speak, been born out of it by the 
process of eondensation Owing their origin to the 
same mother nebula, they naturally exhibit a spec 
troscopic resemblance to one another. But the pro 
cess of stellar creation is not at an end there. he | 
nebula is still condensing ; its vast streams of unformed 
matter, whether composed of meteors or of gases, are 
either pouring into the suns already formed or tending 
toward new centers of condensation. The rush and 
whirl and aweep of demiurgic powers and forces in that 
vast cosmie workshop bewilder the imagination. In| 
our part of the universe chaos has long since ceased to | 
reign, and sun and planet have fallen under the regular 
sway of gravitative forees reduced to their simplest and 
most orderly expression. Meteors, it is true, still fall 
upon the earth, and more abundantly upon the sun ; 
and now and then a new comet is drawn into the solar 
system ; but broadly speaking, surrounding space has 
been swept nearly clean of scattered matter. Out 

onder in Orion a very different condition prevails. 

he flery rain of meteoritic matter plunging toward 
thousands of new-formed suns, and the vast streams, 
currenta, and whiripools of the nebula not yet con. 
densed iuto solar nuclei, fill milliards of milliards of 
milliards of cubic miles of space with a scene of chaos 
almost too grand and awful for man to imagine. 

Nor are the suns already formed in Orion insignifi- 
cant members of the celestial host. Quite the contrary ; 
some of them are evidently of enormous magnitade and 
brilliancy, transcending even such solar giants as 
Sirius, Arcturus, and Vega. If all the stars apparently 
connected with the Orion nebula really belong to a 
system by themselves, then the star named Rigel, 
which is included in one corner of the nebula, and ex 
ceeds all the others in apparent brilliancy, must 
actually be the greatest member of the system. Rigel 
is so distant that the results of all attempts to ascer- 
tain its parallax are more or less unsatisfactory. One 
estimate recently made is that light requires 490 
years to come to us from Rigel. Light ‘avels about 
5,860,000,000,000 miles in a year ; consequently the dis 
tance of Rigel must be 2.870 millions of millions of 
miles, or more than 30,000,000 times the distance of the 
sun fromthe earth. If this is the true distance, we can 
compare the amount of light that Rigel actually emits 
with thatemitted by oursun. At our present respect 
ive distances from the two we get 40 000,000,000 times as 
much light from the sun as from Rigel. Bat since the 
amount of light falling upon any surface varies in 
versely as the square of the distance of the source of 
the light, it follows that the sun if removed to 30,000,000 
times its present distance would shed upon the earth 
only one-vine-hundred-million-millionth as much light 
as it now gives us. Multiplying this fraction by 40,000 
000,000, which expresses the ratio of the sun's light to} 
Rigel’s at our present distance from each, we get 22,500, | 
which is the number of times Rigel actually exceeds 
the sun in light-giving power. 

It is dificult to imagine such a sun as that. Our 
planetary system removed to Rigel, with its present 
orbital dimensions, would not ly be uninhabit 
able, but the innermost planets, including the earth, | 
would melt and dissolve in the intense heat. The | 
sun is unable to furnish to Neptune, at a distance 
of 2,800,000,000 miles, sufficient beat to keep it from 
freezing. In fact, Neptune gets only one nine-hun- | 
dredth as much solar light and heatas wedo. But} 
if Neptune were a satellite of Rigel at the same 
orbital distance, it would be turned into a blazing) 
world, receiving twenty-five times as much heat as the | 
earth gets from the sun. The region of space that 





needed, as it ix only necessary to change the chaff a| winute that in only a few cases can it be measured 


Rigel can render habitable by its radiation is, of course, 


immensely greater than that which owes a similar 
debt to the sun, so thatif it possesses a planetary sys- 
tem, it must be of metropolitan proportions. 

While the distance that we have deduced for Rige! is 
based upon hypothetical data, yet it must not be 
assumed that it ben that account necessarily exagger- 
ated. Asa matter of fact, the apparent displacement 
of the stars by the motion of the earth, upon which 
estimates of their distance depends, is so exceedingly 
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with approximate accuracy, and this very fact may be 
taken to show that the estimates of stellar distances are 
far more likely to be too small than too large. The 
distance of the nearest known starin the heavens is 
leas than one-hundredth as great as that assumed for 
Rigel, but it would be presumptuous to assert that 
there may not be among the 100,000,000 visible stars 
out of which less than fifty have been found within a 
measurable distance from as) some that are a hundred 
times as wuch further away as Rigel is 

People who fear that our globe is going to get over- 
crowded may find comfort in the assurance that there 
is plenty of room beyond the earth.— New York Sun 


“WILD BEASTS AND THEIR WAYS.” 


THE veteran sportswan, great African traveler and 
geographical explorer, and founder of Egyptian rule in 
the Equatorial Soudan, whose well earned fame has 
lost nothing by the disaster of Khartoum, the lamented 
death of General Gordon, or the achievewents of Mr 
H. M. Stanley, now presents us with a new book which 
will be read with interest by every lover of animal 





bullets, weighing 650 grains, which should be of hard 
metallic compound for thick-skinned animals, but for 
lions, tigers, and large deer should be of pure lead ; 
this latter bullet will go through the body, not break- 
ing ap into little pieces like the hollow bullet, bat will 
—_ by pressure against the bones and sinews, to 
a flattened front width, about an inch and a balf. It 
may then be stopped by the inner surface of the skin 
on the opposite side of the body, and so mach the bet- 
ter, for the animal is then brought to the ground with 
the full force of the stroke, reckoned at 3,520 Ib. to 
the square foot with a 0°577 bore rifle, a powder charge 
6 drachms, and a solid ballet. If the bullet passes out 
of the body on the other side, a portion of this force is 
lost. But for elephants, and other large thick-skinned 
beasts, Sir Samuel Baker recommends a still more 
powerfal weapon, the ** Paradox. No. 12,” or the * Para- 
dox, No. 8,” with a bullet of 1°¢ oz., even 3 oz. for the 
number 8, anda charge of ten, twelve, or more drachms 
of powder. Only strong men could use such fire arms 
as these, but the author once had a rifle that carried a 
three ounce spherical bullet, four ounce conical, or halt 
pound shell, with a propelling charge of sixteen 
drachms: “there were giants in those days.” The 





THeé CIRCLE OF FIRE, 


nature, as well as by all curious to know the most im-| 
proved methods and instruments of killing dangerous 
and destructive beasts. Sir Samuel Baker, who pub- 
lished his ‘* Rifle and Hound in Ceylon” in 1854, after 
eight years’ residence in that island, where he and his 
brother established the useful plantation and sana- 
torium of Newera Ellia, writes of the shooting of big 
game, with the authority of forty-five years’ experi- 
ence, in Europe, Asia, Africa, and North America ; and 
both his introductory chapter and frequent practical 
remarks aptly introduced throughout these two 
volumes are earnestly intended to enforce certain ad- 
vice on the choice of rifles and ammunition 

The recent loss of valuable lives among English 
gentlemen risking a conflict with elephants, buffaloes, 
or tigers, with some fashionable weapons or bullets} 
which have not an immediately killing effect is con- 
stantly present to his mind. His personal references 
to those unfortunate instances are inspired by kind and | 
generous feeling. We observe that he three times in- 
cidentally relates the death of the late Mr. Walter In-| 
gram in Somaliland, the circumstances of which are in | 
the remembrance of our readers, and cites also that of | 
the Hon. Guy Dawnay, as examples in proof of the in- 
adequate power of a 0°450 bore rifle in a facing shot at 
the elephant orthe buffalo; while his condemnation of 
the hollow bullet often used with express rifles is reiter- | 
ated again and again, and is particularly illustrated by | 
Mr. Cuthbert Fraser's perilous adventure with a tiger 
in India. Sir Samuel Baker insists on the use of solid ' 


rifle, made at Bristol in 1840, weighed 21 Ib., and was 
his companion many years in Ceylon. 

These curious and useful details of shooting appara- 
tus are however forgotten in pursuing the business-like 
accounts of Sir S. Baker’s experiences with the ele- 
phants and tigers of India, which are the most inter- 
esting part of the first volume. The nataral history of 
the elephant, in Africa as well as in Ceylon and India, 
is described in three chapters, with the employment of 
the Indian elephant in tiger hunting, more complete! 
and ss than in any other book we have neo | 
The African elephant is much the grander animal, ris- 
ing to a stature of 11 ft. or 12. ft. at the shoulder: we 
are told that there is nothing iu India to approach the 
size of Jambo. The author thinks there is no reason 
why African ng should not be tamed and trained 
to the service of man. 

We believe there is no proof of its having ever been 
done. The Carthaginian army of Hannibal possessed 
some elephants, but they may have been imported by 
the Phenicians from Ceylon. The natives of Africa 
nowhere care for capturing and domesticating wild 
avimals. Ifthe British East Africa Company would 
try the experiment, aided by such an able*manager as 
Mr. G. B. Sanderson, the renowned official superin- 
tendent of the Government ‘‘Keddchas ” at Dacca and 
in Assam, we should soon learn whether the finest 
race of elephants on earth can be rendered useful. At 
present, though valuable for ivory, the pair of male 
tusks averaging 140 lb. weight—some specimens being 





A CHALLENGE TO THE LINE OF ELEPHANTS. 








a ii) ae i i ie ee a ee ee 








DecempBer 13, 1890. 


SCIENTIFIC AMERICAN SUPPLEMENT, No. 780. 


12469 








300 Ib. and being borne by both sexes in Africa—the 
living animals are an unmitigated nuisance, destroying 
the crops of grain and causing misery to the native 
population 
he ivory trade itself is the main support of the 
Arab slave-raiding cruelties, as the people are kid- 
napped, not primarily for sale as slaves, but for the 
purpose of carrying ivory to the coast. If the African 
elephant were utterly exterminated, it would be a 
greater boon to African mankind, we doubt not, than 
would be the extermination of tigers and leopards in 
India to our Asiatic fellow subjects. Carnivorous 
beasts of prey, which kill cattle, and oceasionally kill 
haman beings, may really be less mischievous than 
herds of such wastful monsters as elephants among the 
native agriculturists of Africa It is satisfactory to be 
told of many pative contrivances for destroying ele- 
phants. Pitfalis, dug 12 ft. or 14 ft. deep, covered with 
a frail roof of branches, grass, and earth, catch many, 
which are then speared to death. 
* There is another terrible method of destroying ele- 
phants in Central Africa. During the dry season, when 
the withered herbage, from 10 ft. to 14 ft. in height, is 


most inflamwabie, a large herd of elephants may be | 


The natives in another district, which he does not 
name, kill elephants in the forest by waiting for them 
in the branches of large trees overhead, and being fur- 
nished with enormous daggers, or rather uxes, 2 ft. 
long, several inches wide, very sharp at the point and 
both edges, and heavily weighed at the top with clay, 
drop these terrible weapons from a considerable height, 
viercing the elephant’s back just behind the shoulder. 

he Hawran Arabs of the Settite River, described in 
Sir 8. Baker's book “ The Nile Tributaries of Abys- 
sinia,” are brave horsemen and swordsmen, who carry 
a long two-handed sword ; three of them hunt an ele- 
phant ; one provokes the animal and gallops away, 
pursued by the infuriated beast, two or three hundred 
yards, at a speed of eighteen or twenty miles an boar ; 
then he stops, and, just as the elephant is preparing to 
charge, the other men, riding up and dismounting, cut 
the back sinew of the elephant’s hind legs with one 
stroke of their swords. The huge beast is quite crip- 


pled and soon bleeds to death. 

The elephant in India, though naturally timid and 
less intelligent than has been imagined, plays a most 
important part as man’s ally in hunting the tiger 
the narratives of Sir Samuel Baker's experiences of 


In 





FOLLOWING 


found in the middle of such high grass by some native 
hunter, who would immediately give notice, and the 
whole population of the neighborhood would assemble 
for the hunt. This would be arranged by forming a 
cirele of perhaps two miles diameter, and simultane- 
ously firing the grass, so as to create a ring of flames 
round the center. An elephant is naturally afraid of 
fire, and has an instinctive horror of the crackling of 
flames when the grass has been ignited. As the circle 
of fire contracts in approaching the encircled herd, 
they at first attempt to retreat, until they become as- 
sured of their hopeless position; they at length be- 
come desperate, being maddened by fear, and panic 
stricken by the wild shouts of the thousands who have 
surrounded them. At length, half suffocated by the 
dense smoke, and terrified by the close approach of 
the roaring flames, the unfortunate animals charge 
recklessly through the fire, burnt and blinded, to be 
ruthlessly speared by the bloodthirsty crowd await- 
ing this last stampede. Sometimes a hundred or wore 
elephants are simultaneously destroyed in this whole- 
sale slaughter. The flesh of every portion of the 
animal is then cut into long strips, dried and smoked 
on frames of green wood, and the meat is divided 
among the villages which have contributed to the hunt. 
The tusks are also shared, a certain portion belonging 
by right to the variovs headmen and the chief.” We 
are permitted by the publishers, Messrs. Macmillan & 
Co., to produce in our own pages four of the engrav- 


THE NOOSED RHINOCEROS, 





ings which adorn Sir Samuel Baker's two volumes ; one 
is that of the ‘‘ Circle of Fire.” 





kind, with Mr. Sanderson, in 1885, in the grassy islands 
of the Brahmaputra, below Dhubri, and in the Central 
Provinces, near Moorwarra, with the late Mr. Berry, 
Assistant Commissioner of Jubbulpore, we find many 
characteristic anecdotes of the behavior of elephants 
in situations of danger. They are very apt to take 
fright, throw themselves about, turn tail and run 
away ; then in the forest their riders are in great risk 
of being knocked out of the howdah, or having their 
heads and limbs broken against the branches of trees. 
Bat a long line of elephants, from twelve up to thirty 
or forty, is required to beat the covert of tall grass, 
tamarisk trees, wild briar rose, or other jungle, which 
may be atask of several hours. The tiger in such 
places will not be seen till within fifty yards, or nearer, 
and Sir 8. Baker has found a smooth bore gun, at such 
short range, quite as useful asa rifle. He sometimes 
fired it with one hand, like a pistol, while holding on 
to the howdah rail with his left hand, shooting rapidly 
as at flying game without squinting along the sights on 
the barrel. The second illustration we have borrowed 
is that of a line of Mr. Sanderson's elephants, from the 
Garo Hills, being deliberately challenged by a large 
tiger, which bounded along their front, making demon- 
strations of attacking each elephant in succession, but 
which Mr. Sanderson shot and killed. It was sent to 
Lady Baker. at the camp; that lady had, on a pre- 
ceding day, been with her husband on an elephant, 
when he “ wiped the eye” of the Rajah Suchi Khan by 
killing a tiger which the Rajah had only wounded. 

a@ Three chapters are specially devoted to the tiger ; 





THE LION, 


one only to the lion, which is now getting very scarce 
in Asia, wry ep we learn, to a limited number 
in Guzerat (India) and a few in Persia. We have 
never been able to regard the lion as a finer anima! 
| than the tiger. Apart from the imposing aspect of his 
| face and shaggy mane, his shape is not so handsome ; 
and the superiority of bis strength lies in the stroke of 
the fore paws, and also in the jaws, not equally in his 
whole body. Sir Samuel Baker gives him credit for a 
sort of frank courage, differing from “the slinking 
habits of tigers, leopards, and the feline race generally ;” 
— may beonly the comparative stupidity of the 
ion. 

Many other African travelers and hunters entertain 
no great respect for this powerful beast. It is trne 
that a blow of the lion's paw will smash a man’s skull 
or spine, while the tiger's claw only lacerates the head 
and face; the tiger kills by biting over the man’s 
shoulder through his back and chest. But a single 
| lion is hardly a match for the buffalo; two or three 
| lions will attack together. Nevertheless, as the so-called 
| King of Beasts "Is 80 famous in poetic and romantic 
allusions, we choose, for the next of our borrowed 
illustrations, that of a big lion, on the Settite River, 
prowling at night around the fenced camp, to which 
Sir 8. Baker, with a Hamran Arab and three Tok- 
rooris, baud retired. The lioness had been shot and 
brought into thiscamp the day before ; and this faith- 
ful leonine husband came to ask what they had done 
with his wife, but found “po admittance” through a 
strong fence of tree stews and kittur thorns: next day, 
the lion also was shot. 

Other wild beasts, the leopard and hunting cheetah, 
the North American and the Indian bear, the hippo- 
potamus and rhinoceros of Africa, the crocodile (not a 
beast), the buffalo and bison, the boar, the hyena, the 
giraffe, antelopes, deer, sambur, wapiti, and cervine 
varieties, are discussed in these instructive volumes. 
We conclude an imperfect review with brief notice of 
the native method of snaring the rhinoceros in the re- 
gion east of the White Nile. The beast comes regu- 
larly every night to one spot, to deposit its dung 
against the stem of acertain large tree. A trap for 
one leg is constructed, a small round hole covered with 
a neatly made sieve of wood and bamboo which sticks 
to the leg when thrust into the hole. A noose of rope 
is laid around it, to which is attached a heavy log of 
timber slightly buried in the earth. The animal gets 
his leg entangled by this noose, and runs off with the 
encumbering log, which soon catches in the bushes or 
trees. Hunters follow, and kill the rhinoceros with 
their spears, as is shown in the engraving. 

The flesh of this animal is eaten by the Soudan 
Arabs, but is refused by the savage tribes; its hide 
jand horns fetch a good price. In Africa, evidently, 

the wild men have their own ways of dealing with the 

wild beasts ; yet the civilized sportsman, owning a 0°577 

rifle, with cartridges of 6 dr. powder and solid ballets 
| of 650 gr., can do a greatdeal of good. He can often 

by one day's skillful work supply food to a populous 

village, and rid the dhurra fields of a destructive pest. 
The English hunter of big game is a benefactor to 
| African humanity, but his pastime will be over, we 
‘expect, in less than a quarter of a century hence,—JJ- 
| lustrated London News. 














THE MANUFACTURE OF HYDROGEN 
DIOXIDE. 


By A. BourGovenon. 


In 1878, I manufactured hydrogen dioxide on a com- 
mercial scale, and the following is a description of the 
method I adopted for the preparation of this bleaching 
compound : 

The first step, and a very important one, is the hy- 
dration of the barium dioxide. Into a suitable ves- 
sel—an ordinary cylindrical stone pot, about half full 
of water—the powdered dioxide is slowly poured, the 
mixture being well stirred with a wooden spatula dur- 
ing this operation, and continued after its completion 
for about twenty minutes. Then the mixture is left 
alone, and stirred every half hour or oftener for about 
ten minutes, until the hydration is completed, This 
operation requires from three to four hours; the barium 
dioxide forms then a thick, perfectly white and smooth, 
pasty mass, resembling white clay wixed with water. 

While the hydration is progressing, a mixture of 
water and ge acid is made in a vessel lined 
with sheet lead, and surrounded with ice, or simply 
with water in which lumps of ice are placed from time 
to time, so as not to allow the temperature of the acid 
mixture to rise above 10° C. during the operation. 

All things being properly disposed, the hydrated 
barium dioxide is added in portions of three to four 
pounds ata time tothe acid mixtore, stirring all the 
time tomix the contents of the vessel thoroughly. All the 
barium is transferred to the acidulated water in about 
two hours, and the agitation continued for four hours. 
If the operation has been well conducted, all the barinm 
dioxide is transformed into fluoride, which falls to the 
bottom of the vessel. When this precipitate is well 
settled, the supernatant liquid is decanted into a vessel 
similar to the one used for its production, and also sur- 
rounded by ice water. The clear liquid contains an ex- 
cess of acid and impurities derived from the materials 
employed ; its color is yellowish, and it must be puri- 
fled to insure its keeping pr. perties 

The impurities which are to be removed are chiefly 
ferric oxide, alumina, and manganese oxide. To the 
eold solution of impure hydrogen dioxide small quan- 
tities of hydrated barium dioxide are added at a time 
and well stirred. When the last traces of acid are 
saturated, the appearance of the liquid suddenly 
changes, from a bright yellow it turns to a grayish 
color, and the impurities are separated and collected at 
the surface of the liquid. 

Without losing time, the liquid is filtered through a 
cheese cloth stretched on a frame, and received in a 
vessel which contains a small quantity of sulphuric 
acid diluted with eight to ten times ite volume of water 
i\(aecid, 1 oz.; water, 8 to 10 oz.). This filtration must be 
|quickly done. As long as the solution is alkaline. there 

is great danger of decomposition and loss of oxygen. If 
| the liquid is thrown upon the filter, "the latter will be 
| uickly clogged, the filtration stopped, and the hy- 
dram dioxide will rapidly deeompose, emitting la 
bubbles of oxygen with a hissing noise; but as t 
precipitated impurities collect first on the top of the 
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liquid, if the solution is siphoned from below these im- | 
purities, the liquid filters quickly and satisfactorily. 

The itered liquid is tested for bariam, and salpharie 
acid is added to it until all is removed. The liqaid is 
left overnight, the precipitate of barium sulphate set- 
tles, and the perfectly clear and colorless liquid is ready 
for the market 

Ail the precipitates are separated by pressure from 
the liquid they may contain, and the liqaid so obtained 
is aided to the water employed in the next operation. 

I employed the following proportions 
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Barium dioxide 

Hydrofluoric acid 

Water send 
and obtained pearly 40 gallons of hydrogen dioxide 
The etrength of the acid was about 3 per cent —Jour- 
ty. 
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A NEW CECIDOMYIID INFESTING BOX-ELDER 





(Negunde Aceroides) 





Ames, lowa. 





By C. P. GILLETTE 








NEGUNDINIS bp 

Galls.—The galls (G) are produced from terminal 
buds on all parts of the tree. Each is made up of a 
number of transformed leaves aud petioles arranged in 
pairs in which the two leaves are opposite. They are 
subglobular in outline, and vary from leas than one 
half an inch to nearly an inch in diameter. The outer 
basal portion of the gail is formed by an enormous en 
largement of the of the petioles of two leaves 
which unite and form a receptacle like the cup of an 
acorn holding the inner portions of the gall. In the 
central part of the gail, the leaf blades may be entirely 
involved or their tips may be partially expanded 

Gail Flies. —Females, dry specimens. Ayes large, coal 
black, and coarsely granulated: antenna one-half the 
length of the insect, 13-jointed, first joint globular, re 
maining joints evlindrical, second and third joints con 
tracted in the middle, pedicels of joints short, about 
one-quarter the length of the joints, all of the joints 
moderately set with hairs, the longest of which nearly 
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CECIDOMYIA NEGUNDINIS pn. sp 
Adult female: O, ovipositor; E, eggs; G, Gall. Fly 


and eggs greatiy enlarged, gall slightly enlarged 
Original 


equais the joints in length Thorax very dark brown, 
opaque, and naked except two rows of long gray hairs 
in longitadinal grooves running from collar to seutel 
lam and similar hairs at the sides of the thorax ; scutel- 
lam of the same color as the mesothorax, and with 
Beneath the wings it is yvel- 


afew long gray hairs 
lowish. Dorsum dark brown, sides of abdomen and 
venter light yellow ; abdomen sparsely set with gray 


hairs above and below. Opiposifor yellowish brown, 
and in specimens taken while ovipositing, it is exserted 
one and one-half times the length of the insect. Legs 
rather pale, tibim and tarsi infuseate, rather densely 
set with silvery hairs. Win beautifully iridescent 
and rather sparsely with long gray pubescence, 
fringed all the way around ; costal and first longitudi 
nal oervures rather heavy and united at the apex of 
the wing as one continuous vein. The little cross vein 
between the first and second transverse nervures and 
the outer or upper branch of the fork in the third 
transverse pervure are almost obsolete and searcely 
visible except in favorable light. Length of dry ape 
cimens one and one-half mm. Length of fresh speci- 
mens two mim 

The eaes (B) are a bright orange color. 04 mm. in| 
length, and much elongate. Some are straight, others | 
are variously bent, and all are pointed at one end, and | 
often with a short pedicel attached. | 

This insect is decidedly an injurious species. Trees 
upon the college campus that were the most severely 
attacked by this fly the past summer have had not 
more than half of their normal amount of foliage this 
year. 

On the 18th of April last, the writer noticed the flies 
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set 


abundant among the branches of the trees and the & Co. furnish plans and specifications for buildings | can of al] inventions patented t 


yrocess of ecg-laying was carefully watched with a 
Coad lens. The females were so intent in their duties 
for the propagation of the species that they were not 
easily disturbed. They do not pierce the bud scales, 
but work their long, slender ovipositors far down be- 
tween the seales and there deposit a large nest of eggs, 
sowetimes forty or more in a place. By separating the 
aeales the clusters of egys can be plainly seen with the 
naked eve. The irritation set up by these eggs and 
the maggots that hated from them, aided, perhaps, by 
a@ poisonous secretion from the mother insect, causes 
the abnormal development of the part. The galls all 
die a few weeks later, when the maggots leave them. 








* Read before the lowa Academy of Science, September 5, ee. 





These dead galls tarn black and remain oa 
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the trees, 
giving them an unsightly appearance. — 


NEW MILITARY TENT. 


THE umbreila tent is one of new design for military | 
purposes. The method of construction of this tent ad- 
mits of opening either one section or as Many sections as | 
it can also be entirely closed by hook 


may be desired 


of a storm, or when being used for bathing purposes. | 





In warm weather the walls of the tent should be 
staked two or three inches from the ground, which, in 
connection with the large opening between the umbrel- 
la and side walis, will cause a constant draught of air. 
The especial feature of the tent is its simple construc- 
tion and portability. It folds ap, and the bundle, in- 
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cluding poles, stakes, guy lines, ete., when the tent is 








ScrgNtTivic AMERICAN. Hundreds of dwellings have 
already been erected on the various plans we have 
issued during the past year, and many others are in 
process of construction 

Architects, Builders, and Owners will find this work 


valuable in furnishing fresh and useful suggestions. | 


Ali who contemplate building or improving homes, or 
erecting structures of any kind, have before them in 
this work an almost endless series of the latest and best 
examples from which to make selections, thus saving 
time and money 

Many other subjects, including Sewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Laying 
out of Grounds. ete., are illustrated. An extensive 
Cowpendium of Manufacturers’ Announcements is also 
given, in which the most reliable and approved Build- 
ing Materials, Goods, Machines, Tools, and Appliances 
are described and illustrated, with addresses of the 
makers. ete 

The fullness, richness, cheapness, and convenience of 
this work have won for it the Largest Circulation 
of any Architectural publication in the world 

A Catalogue of valuable books on Architecture, 
Building, Carpentry, Masonry, Heating, Warming, 
Lighting, Ventilation, and all branches of industry 
pertaining to the art of Building, is supplied free of 
charge. sent to any address. 


MUNN & CO., Publishers, 
361 Broadway, New York. 


Building Plans and Specifications. 


In connection with the publication of the BUILDING 
Eprrion of the ScrenTIFIC AMERICAN, Messrs. Munn 


of every kind, including Churehes, Schools, Stores, 
Dwellings, Carriage Houses, Barns, ete. 

In this work they are assisted by able and erperi- 
enced architecta. Full plans, details, and specifica- 
tions for the various buildings illustrated in this paper 
ean be supplied. 

Those who contemplate building, or who wish to 
alter, improve, extend. or add to existing buildings, 
whether wings, porches, bay windows, or attic rooms, 


are invited to communicate with the undersigned. | 


Our work extends to all parts of the country. _Esti- 
mates, plans. and drawings promptly prepared. Terms 


| moderate. Address 


MUNN & CO., 361 Broapway, New Yorg. 


L. ASTRONOMY.—Orion. —A popular account of the great constella- 


made of ten ounce duck, weighs about forty-six pounds, r —_— 
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